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SECTION 14 



Qtlo Kandler and Norfaert Weiss 



. Oiaractttktics ( 



. Cotalwe-positiTt 
&cnltetrve anaerobes 



'Aerobes. ' 



Listeria 



Kurthla 



CaryvpJumon Rcitxbactanusn 



Celt Bwrphology 



nod^xBtiatiyry. •■. Slender, rods, . 5 ., v . Slender rods,, 
rtraight; Bamc- ofteafilaxneni* often .filaments 
thnei coccofca- ' 



Sbqrtr^^yften Recalar rodb,la v Shortzods in 
short chains & chafns^coca fa 
©fa cultures 



Multlceilh^ . • .•• 

Diameter of rods? microni r *■ « Q-£-H* ■•■ OjB-OB 

M 2tfft*$$^ .. ., ,„_.... ,r..' - . 

FaOTl^t^^aiiaeroKc'or mi-; • ■ :\ ..■ 4 . -.+■■:. 

croaeropbaic, ' ,< , - " , . , 4 . t , . ;> . 

Catolaserreaciion • . : • - + 

' Major ^rmenb^onproducfe MwnljrJ^i^ Lactate Mainjy lactate 

Ei taj (y {if NAy aatf lyTron* v &nj£scetri*V • 1 v ■: ' w . v - . . ■ , 

M^^^Mfm^ik^y ^tf*s^cfev •■ •••• w 

.rami* acid 1 " ' ^ k 1 ' j, I/t 7 '>- - r ' " ■ * * *• 

Major" fatty nods' ~ . ^ U.-We'Ufees. < . S ( A^ j; U-V . S, A/I 

Mmd^rnenamfirirmc*: ' ,t -WHiW* ^ :: -v '. MJiWw •-.»::- '-\ ■ •, • -a rtr -»£•.' •, 



Lactate 



0.7-O9 



NA 



Short rodsVoflen 
in poire . 



mdAP; 




Moi% G -f C of DNA 



•'•'•^atei^^^- : - vertebrates 



xnosuaioK' 1 



38 



c Rarejyinoiiie, ' 

*At^-25*Ct poorbr moUTe at 3ra 
r Nuinerous flagelk. 



Some strains weak positive. 



^roelhyMwancbe^ C, cj^opwp^e rbff faUy wJd*. 
* Coffins (1B82).,: : ;.>,- rr; V* : 
'CWIins and Jones (1931). t 

wioff contains MK>B and MK-9; a menaquinone fa also founid in L enso 
tuosp. rhumnoiLa. 



(Table 14.1). which kve rommort. oofea' fe^,< mPj^Wlo^c^l. aod 

phafc^ chemborgsn^rbpMc, arjdt grow onfyin comploc nicdie. 
^ ^ v ^^ ; which is ;.^^dba^^^^'.^|li 

either Homo- or heterblacric fennentaliony coiDpris^s aboiit 50 spedes, 

a few (op to_ five) r Bpedes. Most of the. genera in;th« group] exhibit 

Hcatioru The gaaus Ox/^p/wnpn' Is easily recognized by the- forraaUon 
of trichoma consisting of <fisfc-nke celfs, 1^-2.0 /irn wide and only 6i- 
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feces, Where, it grows:,abiJhdantJy one. to.seyeral days^after the feces is 
voided. . . , : . _ ' y " .' * 

T!ie:(wpspe^ .alsoc(^moi^;fqund in, feces 

of farm anfmalB, aro recognizable fey the characteristic ^e^usa-iieaiT 
appearance p£|heUco.krnj(e8 on yeast e#ract,nti^ient agar, and^ds- 

Two wos^^g^eia,^ ^ j, 
well known as i .the ;( ca^tive. / qr^ani^ and/?en£- 
6ccfcv7ww.is ^ ialmonlr^e; of tba 

sahnoa family; causing nephroUc syndromes^ Spedes ot the genus 
Listeria (e^. L monocytogenes) are characteristic patho^eais; involved 
in se\-eral inflammatory infections (listeriosis) fehuroana and animals, 
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Saprophytic species of Listeria are wide-spread in soil and decaying 
matter. They are often isolated from meat and meat products and may 
thus be confused with species of Brochothrix and Kurthia, nonpatho- 
genic saprophytes also common in this habitat 

The differentiation of the- facultatively anaerobic Listeria, containing 
mefio-dtarninopimelic add in its peptidoglycan, from Kwlhia is rela- 
tively easy, because Kurthia is strictly aerobic and possesses a lysine, 
containing peptidogrycan (Table. 1,4.1 ) r Brochothrix, however, shares 
numerous morphological ]ft$&i$^ t\ 
Therefore, the differentiation of these two genera is mainly based on 
differences in motility (Table 14.1) and minor physiological character- 
istics, eg. Inability of Brochothrix to grow at 3TC, pattern" of fermented 
sugars, etc 

MetaboEcafly, the seven genera may be divided into three groups: 
Group 1 consists of the two fermentative, saccharolytic, tmcroasrophllic 
genera LactobaciUus and Erysipelolhrix. they" do not possess heme" 
containing catalase, cytochromes or men aquin ones and they utilize 
oxygen only via flavin-containing oxidases and peroxidases. 

Group 2 comprises the two aerobic, and facultatively anaerobic 
genera Brochothrix and Listeria which possess cefaclors and enzymes 
for respiration. However, these organisms are also able to ferment 
sugars, mainly to lactic acid, under oxygen-Urnited or anaerobic con- 
ditions. 

Group S contains the three strictly aerobic genera Kurthiot Cory- 
ophonon and Renibacterium which neither utilize ^iicose as carbon or 
energy source nor ferment sugars to organic aciasl' 

These groupings have only limited Uxonomic value as indicated by 
the low correlation with homnetaboHc characteristics. In Jfact, four 
genera, Brochothrix (formerly A/*c™6ocfermm thermosphactum). Lis- 
teria, Kurthia and Erysipelothrix, have often been associated with the 
. Corynebacteriaceae oi at least with the corynefbrm group (Bergey 7). 
However, numerical taxonomic and ch emotax ono mic studies have not 
supported this afliHation. Such studies rather suggest a remote rela- 
tionship between coryncforxa organisms and the lactic add bacteria 
(Wuldnson and Jonea 1977). The presence of respiratory cofectors and 
enzymes En Listeria, Brochothrix and Kurthia is not in keeping with 
their inclusion within an enlarged family Lactobacitlaceae (Coffins et 
aL, 1979). Howevertba genera Brochothrix, Listeria, LadobadRus ana* 
Erysipelothrix are close pheneticahy to each other and to Streptococcus 
and Gemetia (Wilkinson and Jones, 1977)* 

The G + C ratios of th^ p^A bf ^ of the Severn genera fall within 
a rangear6^il40^olSS (tec0o^&t^^ rooM), whereas 

with RenJbacterium 53 mol% is found. Ctomrjaratiye studtes on the 
sequence homology of 16S-rRNA oligonudeotides in a large huxaber of 
bacteria of different taxonomic affiliation showed that all the Gram- 
positrve bacteria possessing a d + C content lower than ahoni &&mol% 
belong to the so-called Cibs£^Wwm^lGr^e£b^ CFox. 
el aL, 1980, Stadcebrandt and \^oese, 1981). In S^^^^'sj^Ai^ 



on the !6S-rRNA oligonucleotides of representatives of the six genera 
showed that they fit into this branch. 

. F«>m the rRNA evidence the lactobariili and streptococci together 
^ feP*h>cocd leuconostocs are close to the genera Bacillus, 
Brochothrh; listeria, Staphyicoccus, GemeUa and Kurthia, ThSs pos i' 
tion reflects the metabolism of the lactic acid bacteria, which is inter- 
mediate between aerobic and anaerobic metabolism. Listeria and Bra- 
. cAoin^ are closely *«!at«i to one another, and together with Staphy- 
/ lococcus are.doser to;^ kctic acid bacteria. 

tin the basis oi i^rRNA cataloging, Erysipelothrix is related to the 
mycoplasmas, exhibiting nonlscdu-ortic evolution of their l6S-rftNA 
^uepces (Ludwlg etaL, I9S4), Thus. Erysipelothrix represents one of 
the many different lines of nonrespiratory organisms emerging from 
the Clostridium duster. One of these lines comprises Eubactefium 
limosum, Acetobacterium uooodS, and Clostridium barken (Fox et aL, 
1980) which, in addition toother common properties, are dioxacierrzed 
by .the same very unusual peptidoglycan types of the cross-Enldng 
group B (ScMdfer and Kandler, 1972), also found in Erysipelothrix. 
Position one of the peptide subinxfc of these group, B pepddn^cii 
types is taken by a L-seryl reshh^ not 'fay L-aiarryi to W' group A 
r&pthioglycans, or by a gly^'r^pue as in those group B peptidoglycans 
occuring only in a certain Wtiori of the corynefbrm bacteria l&?ihra~ 
hader.Oaiiibacter, Curtbbacteri^ Thus, cojmpara- 

tive peptidogrycan chemistry corroborates the atMation ot Erysipe- 
totftrixwith the (Mdridium duster which also harbors the Eubacterium 
limosum line, while the above nientorifld group B peptidoglycaui-con- 
taining corynefonn genera belong to the Actinomyces branch. 

No data on 16S*rRNA cataloging are available for Caryaphation and 
Hervbocteriwru The low G + C content of the DNA of C&ryopManfo 1 
suggests an aJEUarion also with the Cb$tridium-Lactobaeiuu$-Bqi^ \ 
branck Hpweyer, the fairly high G + C content of 53 rj»i%,/in 
Renibacterhan tails within the overlapping zone of the Clostridium and 
the Actinomivetes branch. Thus Rehsbacterium wild be aBotied & 
either branch. Phonetically, Renifaterwm resembles ^enS'^r-" 
throbacter hi morphology, "Chinese- IeUer^ formation, siightlj yeUow 
pigmentation of colonies, aerobic metabolism, the presence of MK-9 
instead of MK-7 roenoquioona, and in its unusual peptiddglycaa type, 1 
containing O-alamnamide (Kusser and Hedlex, 19® found s&. fcfcfcT 
only one other onanism; Arthrobaeter sp. NC1B 9423 (Fiedler et aL, 
1973). Therefore, Renzbacterhan is tentatively induded in the Actlno- 
m X^ t ^;!l^ ncn uiJFig. Ui (see Ixctobaaftus). Final a^BHaxton' hwift 
only r>e, possible on the basts of l6S-i$®A analysis or other sequence' ' 
and cliemotaxonomic or. numerical taxonomic data. 

In conclusion, the seven genera discussed in this section certainly do 
not belong to the same family. However, with the exception of Renl? 
bacterium, -they may at -present be allotted to the same order- or •< 
superofder, hi the event tiat the Mole Closiruiwm-l£tioT^ 
dUus branch may finally be recognized as a taxbn at suci : a raiii. '.^:':V' 



Germs Uittab&ms Beijerfnck tgoi t 212**- 
Otto Kandler and Norbert Weiss 
Laato-baxTlus. L n, tec, lactis m«k; U o3m, a bacillus a smafl rod; MJL n. Lactobacillus milk rodtet 



Cells, varying tnim long and slender, sometimes bent rods to 
short, often cof^efcrhi cowbacilli; chain formation common. 
Motility UTicummbr^ 

ing;. Graxn-posiUve, Some strains exhiba bipolar rjodies, mterrial 
granulations or a barred appearance with the Gram«reactioh or methr 
ylenebiuestaW. 1 *" ' • • • 

Metabolism ferimentatxve> oblige 
of end pxndujct carbon is lactate. Lactdtje is usually riot ferineritfid. 
Additional prodWs mayhe aceiate; etriariol, Ctij, itbrmaf e or sucHhate 
Volatile acia^with ; ^rt^a^^ " 

Mlcr^erirphil^ 
by anaerolnosia or recced oxygen pressure and 5-103 COj; some are 
anaerobes'orz isolarida. 



Nitrate reduction highly unusual; if present, only when texminal 
pH is pc^std above 6.0. GclaUn not Uquefieci: Casenj hot dig^steti 
put srnaU amotrnb of soluble nitrbgeri produced by mc^t strains. Indole 
and H^'nbt prodocedi " v J ' •'• - v. • •' 

Catalase aiid cytochrome negative (porphyrins absent); howeveV 
a fewsrxaWdecornpose peroxidd by a pseudor^talasei benzidme reac-' 



tion riegative. 



red- 



or orange-to-nist oa- biicit 

Cbm^l^! £hr^U6nal i^toex^ig tor srina adds, pepMesi 
nudetcadd derivatives, ^btniins, salts, fatty acids or fatfy aoul esteri 
and ferm^btec^bbhyo^ r^triticm^r^nre^ri^ 
charatfeMlc for ejeh spedes, often for particuuir BJjarns ohlyi ' " v 
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SECTION 14. REGULAR, NONSPOR1NG, GBAM-POSHTVE RODS 



Growth temperafure retire 2-r63*O f .optijaUm generally 3D-40"C. 

Addiiric, optijnalpH usually 5.5-6.2; gtowth generally occurs at 5,0 
or I6as; the growth rate is often reduced at neutral or irutially alkaline 
reactions 

Found in dairy; products, grain products*' meet and fish products, 
watar r .;eewa^i-bter, mne^ :rrnits and fruit juices* picJded vegetables, 
. sauerkrauti-Bilage, bout dough, and mash; they are a part of the normal 
flora In, the, mpnth, frtestm4 tract aIlc * vagfna of many homotherrnfe 
ardma la inclining man.. Paihogenicf ifi rare. • 

The wqI% G *Qof the j}NA; ranges from. 33-53 (Bd, TJ . 

Type .species:. Lactobacillus delbrxteckii (Lttchcmann 1S96) Berjerinck 
1901,229; ; 



Further Descriptive Information 

Cell morphology. The variability of lactobaciUi from long;, straight or 
slightly crescent rode to coryneform' cdccotfacallS is: depicted in Finite 
MX The length of the rods anditoe deg«ti of curvature is dependent 
on tha age of the culture, the coirtpoardon/of t^ 
bility of oleic acid «rteri» (Jacques et al/^R0)r-Hrtd the my^en tension/ 
However, the main morplwlogicalc&fiyh^^ URK 
airy remain cle&rry recognizable. Some" species' of? the gas-producing 
lactobacilli (e.g. h fermentum, L brevisj ar^ys- exhibit at mixture of 
long and short rods (Fig. 14. IS"). ■- -V- 

Coccobacilii may become ao short- that they may becoirfused with' 





Figure 14.1, Phase contrast (A~E) and el 
tron micrographs {F) shotting al^rent'cefl in 
phology of lactobacilli (A, L gasseri; L. agi 
C, L curuatus; V, l~ minor, E, L. f omentum; e 
F t involution form of lactohecilri in a thin sect] 
of a- kefir grain). ' 
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either Leuconostoc (e.g. L. confusua, originally considered as Leuconos- 
loc) or streptococci On the other hand, elongated streptococci have 
repeatedly bean ascribed to the genua LactobaciUm, e.g. JU. xyhsm and 
"L. hordniaef recently found, to .belong to the genus Streptococcus 
(Garvfeet at, 1981; KUppex-B§lx et aL, 1982). Cell-dtvjsion occurs only 
in one plane. The teridericy towards chain formation varies between 
species and even strains. It depends on the growth phase and the pH 
of the medhim (Khee and PacI^ 1980). The aj^metrical development 
of rails during cell division in corynefbrm Inct^acilli {F\g. 14.2) kad* 
to wrinkled chains or even ring formation. Xrregukr mvolutiqn forms 
may be observed under symbiotic growth, e.g. in kefir grain* (Fig: 
14.LF) or under, the liifluance of Jilgh concentratiojis: of glycine,. d- 
amino acids or cell wall-active antibiotics (Hernmee et aL, 1978; Schlei- 
far et si, 1976), Motility by pen't.nchons flagellation is observed in only 
a few species. It is highly dependent on the medium and the age of the 
culture and is aome^ames observed only during isolation, but lost after 
several tjttrjsfer^^ 
AH iactobamlU st^ clearly araro-ixiar^e. Only dying ceils may give 



variable results. Internal granule Lion is oftan revealed lay Gram or 

methylene blue stain especially in. the homorerrnentative long rods. 

The large bipolar bodies probably contain polypbosphaW and appear 

very electron-dense in electron microscopy. 
Cefl lotftf arid fine ttructure. Electron micrographs of ttrin sections 

reveal a typical Gram-positive cell wall profile (FI&l 14^ and 14.3). , 
The cell wall contains peptadogli'can (raureiri) of various cheractypes 
of the efroaa-fcnkage group A. The Lys-D-Asp type is thVmost witfe-' 
spread pep^doglycati type (Schleifer e^Karidler, 1972); The' call ivail 
contains also pblysacihajriaea attached to peptidoglycan by phosphtK 
diester bonds (Knoz and Hall, 1964). Meml^e^bound tekhoio acid 
is present in all species (/Wubaid and Baddiley, I9«),c*uwall-3x>m>d 
teichote acid only in some of the species (Knox and Widen, 1978). 
Extracellular slime in large amounts is produced from. Bucroee by L. 
confusus and particular strains of some other i^terofermentati\ra spe- 
cies (Sharpe et aL, 1972), Slime-forming strains of L. de&ru&ckn subsp. 
buigarictu and L ooset are employed for the production of special soar 
mfllcs. 



vth (m, 



plasmic 
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SECTION 14. REGULAR, NONSPORING, GRAM-POSITIVE RODS 



In addition to'tiucledids arid ril&swries typical of all procaiyotes, 
electron mfegra^ oMin sectwrtefc^uently show large mesosomes 
(Fig^l4^)}^ey*are lormetf "by -&;va^r&riozi* of the cytoplasmic mem- 
brane aid arfr' fiDe^ derived from secondary 
membrane invaginations (SchStz et aL, 1965; Sriranganathan et at, 

1973)1 H ■ ::.<:■■<■,■ ■ • 

Colony' ctid atfMft& on agar media axe usu- 

ally small (2^£ n^ cxmvex, smooth, ^istenlhg, 

andopa^^wirjio^ yellowish or reddish. 

Some species', forin Toiigfr ctilbToe^'Tjipbttctly slimy rolonies are' only 
formeiby £ confiiBUi. C^ea^gJ^eB causeo' by extieozyrais are usually 
not o$s£rv^Vrn^ protein 
or kk;:HbWe^ due to 

ceirw^^rft^reli^^ (Law and 

Kolit^^J^i die £o ^ooniiruntly 

mtraceUuiar lipases* Distinct starch degradation leading to clearing 
zones 'w s$$r^ {e*g» L. 

amyfophilugfa arfiffivoratis); Growth in liquid media generally occurs 
thrtAigboiiE tbieli|i£4 trW ce^ seitie soon afteir growth erases; The 
sediment' or slimy. Pelli- 
cles axe'heVerro^ '" '■■ '■ c - y ' 

LartobadHJ 6^ 'not* develop characteristic odors when grown in 
conubtorimedia^ to the flavor of fermented 

food fty 'ja^&i^^ioM volatile com#ctoa3,'such as diacetyl and its 
derivarivesi and ave^ and Franklin, 

19SM>a^&^ V •;. •■ ; ■ 

organ^s£lm^ The? require not 

onV&tiB'onVi^ ilso' nucleotides, 

anuria &i^ and nicotinic acid' 

are^l&^l^^^a^f a few ^&3— required by-all species, 
tru^lrie'ds'onVn^sary {of ti'e^grdwth'of the' heterafermeritaiive 
lactobacUli, The r^qbufiuent for folic acid; riboflavin, pyridoxal phos- 
'phat»«id:^ spedes, 
ribotlavin Bem Biotin and 

Ba : ^^qpiu^4^'i^ of vitamin 

heteiffirftg^ffi^^ species ■ 

(Rogosn'af I9SlV«c\ u!m r : ^ms^^commori {Xbo-Elhaga and. 
Kandieri 1355c; Leda ma et A. f 1977). Vit&rnin-dtfj()6ndimt strains are 
corrmioniyH*^ and. afe^ listed in the 

catalogs of riYrst culture I ollections, Tbe'jfiattetn'df the amWacid-'-- 
re p^lrpTneht^so'diUTgrs among species and eve strains. By sequential 
nrotagenesis,' Morishltl ct"al-;. : ( ; 197i') 'weTe able to obtain cjuintuple 
mutantjs otfeca^#ie>^^ tor 5 amino acids, 

HowMrerv the tnu^ andreverted frequently 

to their amino acid-dependerit state when trarislltfred back to* the 
complete* meoUirar. <>dn^s^ohdurg Results- were also obtained with four 
otntfspe^ ; 

These sf um'WinWthat WanyMf riot fill— of the nutritional require- 
ments of Iactoba^ii'arc the re^t of numerous minor defects within 
the 'g&nbnV&ttti tHit; touch of ^information coding for the various 
biosynthetlc : 'j^aUkWiaysLls -stElt --£^jtie8^nt;&x--' the?' ch tORidelomf&. Thus, the 
multiple rnilHUd^lre^remexjri tif present-day ladobocilU reflect the 
stepwise natural selection of deficient mutants out of a chemoauto- 
trophic^ pot&lation wtn a complement ol' Kbsyhtbetid pathways. 

The ' various fcqtiu^merits for essential nutrients are normally met 
when the media contain fermentable carbohydrate* peptone, meat and 
yeast extract, Supple'mentatior^'witbtomato juice, manganese, acetate 
and oleic acid e^rs> ; ^ are stimulatory or even 

essential for racist splines; T^refo^'triese compounds ate included in 
the widely used Rir^ me^ixra (De Man- et aL, I960). Lactobaciin 
adapted (o very parl^ilar ; snrWtxatesniay require special growth fac- ' 
tors. For ujstarice D-bevalonic ^ add is necessary for rice wine (sake) 
spoiUge organisms ("Tamrira; 1A56) and a small peptide isolated from 
freshly prepared yeast extract was 4 found to he required for luxurious 
growth of JL sanfraticiscd (BerpetaL, 1981), the sour dough organism. 

To" meet the requirement of a still unknown growth factor, some of 
the original substrate must be added. 



. LactobactllJ grow best in slightly acidic media with an initial pH of ' 
6.4-45, Growth ceases when pH 4.0-3.6 is reached, depending on the 
species and strain. Although most strains are fairly aerotoleriaht, opti- 
mal growth is achieved under rrdcroclero^hllic or ariaerbbiC conditibhs. "" t " 
Increased COi concentration (~5%)* niay stiraulate growth; 

Most lactobarflK grow best at raesOphili^ terrmerafures with an upper 
limit of arourjd 40"C. Some also gr^ Tbelbw 15*C and some strains 
even below 6*C. The so-called Hne^^rnlic" -ii^teb^t'n^^'i^W'an' 
upper Iwuit of 55*C and do hot grtsw "beldw 15*C. luMlly thermophuJc 
lactobacilli growing above 56*C are as yet unknown, • ' 

AfeiofoEwn. Metaboiicilly, lactob^alir ah'ii t^rfehbld of ariaer- 
obic-|o-a«robic life. They $&sesfr '^^^^x^M^ ferrnerkation' 
pathwsiys coupled to substrate level r :pi^|fer^tfo srahd^sub^ 
strate level phosphorylation site Is the conveiii'oh of carbaroyl ptios- 
phate to COi and NrV the rlnal s^'o^irgimne ^rm^htaiTon;'' v '" ; 
observed in most of the heterofermelutai^ (isL Abdelal, : 

1979). However, only some of the' sfeecies \fbrttig Nrtj frorii' argrnihe- ' 
are able to grow on argirdoe as the'oriiy elher^ soured In addition to v 
substrace-Ievel phosphorylation, energy may be gamed by the proton 
motive' force generated by lactate e^uxr 1 (^iim^ah6 Oiio^ 'i^). 
LEHtobaalU contain no xsoprenoid o^nbri^s— &&ept £i. }vrii&&kiensis : 
and L casri subsp. rhamnosus (Colliris ahd Jones,' 19Sl)^-and no' 
cytochrome systems to perform oxidative- phr^r^rymtlcm; Jjowever, 
they possess fiavms-containlng oxidase^ ^i{^i]iiixi^U^i% carry out 
the oxidation of NADHj and O z as' thf xiiial electidn icce^^r. They 
are also able to perform a manganese^atalyzed scavariging of super- 
oxide (Gotz et ah, 1980; Arcrubald M.l^ovfdh, i^l^althou^i they ; 
do not possess superoxide' dismuras© arid 'catm^seil ' ' : ' ; } 

The main fermentation* pathways' 1 for' hexoses are ' the • EmHderi- 
Meywhbf pathway cx>nver±ing 1 moFbtbe^^ 

(bomolactic ferraentatiori) and the^^rios^D^^i^r^ < 
suiting in* 1 mol COz, 1 mol etr^bl (of 'acetiiraci^ and 1 mol lactic 
acid .(heterolactic ferxnentatton). ''; IMder aerobic :; cqrir^fensV ' most - 
strains are able to re^idi2e'KAi)l^ r wStri ox 
electron acceptor, thus acfityl-Cd^'js^ffefe^ 

reduced to ethanoL Consequently, additional ATF^ 'mVn^^suo^^'- 
strate-level phosphbryUKon and - virsn^ 
' ethaiioi are femrii dep^aingcrn th : ^ • 
• Pyruvate, inte^edialeiy "fbr^e^^^^|a^^^'f rr^yparQy •'• • 
undargb several alternative cbnver^^^et3l0 s ^^ .' 1 
aroaia tompound dTacetyl and Ita J derTV^ I t{ve^t''6r 1 acetlfi aod (etKanOljj ! ?; 
with hcxDse limitation, tht Iattef£at£s^ 

the homolactic fermentation may be c)mnged% f a^ • 
with acetic add, erbanol and fomic ar^ : 
(DeVrles et at, 1970; Thomas et alv 1979»): fiveh tectate may partially 
be oxidized and broken down to acetic acid : arid' tormate' o.r' CO z by 
various little known mechanisms (cf^Kahdler; 1983). The conver^ori 
of glycerol to 1,3-propanedioI with glucdse seryin^ aa el ectroin donor is 
a pecub'ax metabolic activity observed iri Li 'birevis koiilkd &bm wine 
(SchflW and Radler, 198i), 1 

At the enrynlB level, homo- and het^rofefmetitative wctcba'cilli "differ 
with respect to the presence or absence? of FD? aldolase or phospho- 
ketolase. Whereas the heterofennenfative liriobaculf possess phqspho- 
Vetolasa but no aldolase^ the obn^tc hDmdfexmenuatrve ones' possess 
FDP aldolase but no phospjioketolase. They are thus uitable'bb fexjrient' 
any of the pentoses, which are broken down by the heteiofirmeriters' 
via phosphokatolase, yielding cqrjhnOlaf amounts of lactic acid and 
acetic add. However, one group of ho^fexmehtative lariibbiidllt, tra- 
ditionally called "Streptobacteria^ (OrJa ^ Jenien, 1919), j)OB>ess an 
inducible phospboketolasfe with pentoses acting as mducers. Ttiey are 
thus able to Eennent pentoses upon adaptation to lactic acid and acetic 
add, while hexoses are bnmoferrnenUtrvely melabolrzed.i Tber'efore;' 
these laaobadDi tnust be called facultative beterorermenters (group II; 
see below). In rare cases, a homolactic temeTitarion: of penfeMes may 
be performed by lactic acH bacteria, as observed in some streptococci' 
by Fukui et aL (1957) and in a so-rar undescribed iax^obacillws (Barre, 
1978). Such fermentations may involve the transformation of pentoses 
to hexoses via transaldolase and transketolase reactions followed by 
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glycolysis (Kandler, 1983) with Ucfic.acid being the Only fermentation 

.product- • [ . 

Caxbohydratea may also contribute to other reactions: sucrose is not 
only a substrate for fermentation, but also for the tpnoatipn of o^xtrans 
(slime) with the helpof^^raas^^ spedesV 
or strains. Fructose serves not wily as a substrate to ferinentafo^ 
also as an electron acceptor a^d becomes reduced to mannitoi fey most 
heterqferxnentaiive. lactpbaciilL (^rres^nmngly^ glycerol b formed 
from triaseph^hateaad excreted irjfo the medhim some hetero- 

• fermentative strains. . kt '"J ' <; ''" <i ,' 

The ra^rity bf saw^oV are taken up with ^ 

the help of specie penaea$es and : aw pho^h^^ bsWe the ceil , 
OKgosacc^Ass .«» 

phosphpryiation of the result^g monosao^ 
■ : . lactose «n$ g^ctose are taken up, by some iai^batp % t^e phpsj- 
phoenp^j^UTOt^ipenito ^Ctwssy and. 

Thompson, 1983). The lactose phosptte. formed is split to gtupose and 
D-g^lactose-6-phosphate- The latter is then metabolbed via the d- 
tagatpse-6-phc^bate pathway .(ct iduidJer, 1983), litde Is topwn pf 
the distribution of the yar^us sacd^^ uptake irw»fjh«t T Tte rnB ' in the 
species of tfre genre ajthpu^ the presence or ^sence of 

such mechanisms &terrnfoes the pattern of fermented sugars, an 
important characteristic for . identHi^n* Active transport of annuo 
acids and peptides is aXso knpwn.(kl^ i^ireyer, 
more informa^pn is^ than-on ^l^cjtp^fflt . .. 

Several or^a^a^ 
degraded /viaoxaJoacetiq add anij pyruvate to tCQi and la ctic or acetic 
acid (c£ Radler t 1075; WhOinfe W^. petaxledstunies on the catalytic 
and regulatory properties of the M^pendeat mahc erases of 
lactic acid Helena were performed by London et ai (1971). Alterna- 
trrcIy,malicacidissp?.tto <^aML(+) T !^ 

by a multifimcapual so-calka *jnaloiactic enzyme* with ail interme- 
diates reniaining tightly bound to the enzyme complex (Radler. 1975). 

Several amino adds -are d^a^o^dated by lattohaeiluV e.g, gtotamic 
add and tyrosine, but the dWbprylation product is not further 
metabolized (Bipod, 1970). ' .. 

CHcjrpgenic acidh hyaxojiyzed and the resulting quinic acid is reduced - 
to (~)^ehydrasluldmip acld^^ j t ^ 

further reduced to, #ydrpjry^ by homo- , 

fermenters. ^ilraic.acid n^y ^ reduced tp catechol |?y Xpla^rum 
wjrich al^: cpwe^iprcpumaric add to p^tbyiphenp|.!^e electron , 
source of |^^rj3act^ ,is lactate which becomes oxidized to CO t and 
acetic acid .^-^^..^^.vx ^ ' ,\ . 

The lactic acid formed by the various fermentation pathways pos- 
sesses either ^a.Pr y pr t^.OH?onfigura^u3n depending: on the stereospe- 
- cificity of-the r tecta^ |^e really j^cemate - 

may be fprraep! when both l- and Drlcctate o^hydrogeiiase are present' 
in the same cejj, fitin^$BE^by^a&6n of an iTafeble lactate 
racemase in combination with a coiu^tiye L-lactate/d^ydiogenase 
(Stettcr and Kandler, 1973). Lactate dehydrogenases of the various 
species often differ from each other considerably, e^ with respect to 
their electrophoretic.mpbility and their ^netic properties. Most ear 
zymes are nonallpsterlc but some species contain aliosteric L-lattate 
dehydrogenases with, FDP and Mn.^ acting as effectors (Hensel et aL. 
1977; ct Garvie, 1980).. • , . 

Mutagenesis*, Spontaneous and induced mutants of. lactobaciiH , are • . 
frequently selected to Obtain strains exhibiting: characters, useful for 
biochemical;studies or biotechnological application. The. we3-knqwn 
mutagens tf-me%l-JV'-ru^^ ethylmetljaneisui- 
fonatp and ultraviolet (UV)Iight have been ajmHed success 
ishita et ai, 1B81K ' , 

Plasmuh. No jactobacillus strafo is Jcnown to be transformable or 
transckidble and genetic oiu^eer^ via r^in^ 
doaeat present in IactotecuU Hpweyer^^ 

(Smiley and Fryder, 19.78; Vescovo.etaL, 1981). They are often Jinked . 
with drug> resistance (Ishiwa and Iwata, I960; Vescovo et at, 1382) or 
lactose metabpKsm ((^ 

of apiasnud jha^^ co«f theonjy 



known naturally, earring genetic exchange in the genusfChassy and 
J^j£ow,1981KE«epsiye 
, is proceeding with tfie plasmids coding lactose metabolism (Cfcassy et 
^ ^ « d « *P make, the lactolwcilii kecessitie;^ geneitic end- 
neering. .. .. . . 1<) .; >v ., • : . •. . ; . . ..^ / 

Phages, Lactobacillus phages causing slower acifification^hi fopd 
ferreentatkm des^ much uaterejst ljecause of Qieir connnerdal im- 
porfance. ^Shprp^ ^ xnorphpbgy of numerous double. 

Branded.. ptew y^lent .ito many species has been describepi 
Physicc^m^param^^ 

sununarizedby Spzzi.et al (^).wbp iroupidthe lacitobacmusp^ 
inapcorp^witlj%^ (19^). 
With the exception of one tmlless pjhige from)!, phStar^m, aU pha^s 
belong to g^p A pr ^^ppss^^ex^ 
, or noncpntraotile taUs, Tb^y axe ba^caDy sumTar to phages against 
. other groups of bacteria. . ... . 

Lyaogeny is wid^pread .within the genus. YokoJcura et at (1974) 
found that 40 strains beiongmg to seven species, out of a, total of 148 
strains belonging to 15 parent t species >^e jysed with mitqnoydn (X 
? itty " 01 ^ ^ ^.-}^^i^bf^'ph^Vk<t particles, by elec^n.mi* 
croscopy. Some of these particles produced'plaq'ues while others, were 
defective phages, tmab|e to produce plaques, StBtter ; (1977) foiand thai 
17 out of 2* strains of streptpba,cteria ware jysogenlc when induced 
r . with mhomycin Two of t^se. phages were honwmimune wibi tiiel 
cosrf phage PLI, which showed a surprisingly narrow host range 
(Stetter et al., 1978). Thus, it is suggested that&quent lyspgeny caused 
by homoinimui^ phages may. be .responsibly for .the. very, narrow host 
ranges °f 4a^tegSfe.pha^ 

rnibale phage typing schemes were not successfd (Coetzeeet al, 196Q), 

Bacteriocms, . .^acterioc^ have" been foimd ^n^kng , 

bomor a^d heterof^entatiye ^ 

1378). Early papers <m.bac^ripcin^,. especially those from L.actd(&hi- 
fus, reported a very broad activity, spectrum. Thus it is qoitionabje , 
whether these snbsian^ (Barefoot and 

Klaenhammerr 1383). Lactocin B, a well-defined bacterlocin xecently 
isolated from L. acidophilus, has a A-ery , narrow activity spectrum, 
restricted to only. a/irw.|ipmpfejmantatrYie species rejiated to JL aci^ 
, ; pftto iBarefopt an4^ ^ 

from 4M*t^t^ ; 

agau^ .IactpbacaiL Bacterw^, ctv^^ large number of strams . 
(Fifipppy,. ;lS76a,, .b; Pippw^d.%^e^ ; 
xv3de.range..pf sensitive species on*the ; pne hand, but also led to a 
subdivision ; of ,raany ; species ,into variooi. t>pes. This indicalea tfat 
bacteriocm typing may;^ 
- rathe^thanJoidBni^jSpecjeSi^^^ »>•.;.• • to -.- .. 

Antigenic s^ctnre„Many strains of lactobacllii can be assagned to - 
sei'en serological groups based on specific aptjgenk detern^naiits (cf, t ' t 
Sharpe,4?76,a981,-TaW^ 
&heketicm,L.ptantauin t ^ 

A few. strains belonguig fa L plafilqmm according to phenptypicaj 
characteristics could not be assigned tp group D. They do not contain - 
ribitol teichoic acipV *bs typicaVP antigen, jit an unusual glycerol 
teichcuc^d (Adama et aL, 1969; ArpnlbaH.and Goepes, 1971)/ The 
chemical nature pi the antigen of group, G, an acid released poIyeaccha< 
ride with rbamnnsa as determinant, was recently studied by Knox et 

ai {i980) f ... . . ;. K .. . tt 

Most strains ot^L. casei belong either to group, B or C. However, . 
strains of p. . case^- subspw rhamnasus, belong exclusively tp group C. 
They possess a capsular rf?amnpse-contoinmg typing antigen, Eu qua n- 
tity is dependent on the cultural cpn^mns.^Vicken et aL, 10S3), ' ' _. 

The hpmpfermentative species U d^rUechU and the two hoterofer- . 
mentativ-ft spades JU 6reow an$,U Mdihirf, belong ^. ppup E> The 
common antigen of these taxprioankauy distant species is a cell wall 
glycerol teicMc acid (Knox and Wicken, 1^73, 1976), 

An aJterruitivesta^logicalnpmenclatu was prpposedby ShirnohasH 
and Muta| (1977). However, their, scheme }sb3$e$ pp a, complex array 
of chemicany undefined components and jias thus no ap!vanta^e over . 
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SECTION 14. REGULAR. NONSPORlNG, GRAM-POSITIVE RODS 



Table 14.2* 

Group antigens of lartobatiUi" 



Group AnUgen Location Determinant 



L. helveticas 
JL casei 
L. easel 

L. ptaniamm 

L. de&rueckn, 
sabsp./act& 
subsp,. bulgaricus 

L. brads 

L buchnert 

L. fermentum 

1~ saUvarms 



A GTA ... . Wall 
' -'» . ...v<: t -.. . brane 
• B Porysac- Wall 

chajfide 
C Pblycac, .WaJl 

.charide 
D itTA <• Wall 
. 5 „ GTA- Wall 



E OTA... Wall 

E GTA Wall 

( F ,. Gift , Membrane 

0 Polysacr Wall 

...„-, . ,. cbaride .... 



a-Glc 



a-Rha 



a-GIc 



a-GIc 



a-Gal 
Rha 



■ Symbols: GTA, glycerol teicholc arid; RTA, ribitol teichoic add; CTc, 
D.glacosyl;<l^ t-rha^nosylrGal, b-gafectosyL {After' Sharps, 19B1.) 

the nomenclature .developed 1# Sharp© (1955) which is used in Table 
142. ■ : ,!v.,/'r->., •;; ■ 

An^btic,anddrug£ei^Da^y. tactobaciUi are sensitive toward most 
antfoiqtlcs active aga^ 
' 1976), L. delbniechuenbsp^balgaricus isoften used to detect antibiotics 
In mtlic , :'.v^^T^:. >&^;.^^-- ;. • ,. , 

Studies on the sensitivity or rfeistance pattern of lactobadlli towards 
ant^iofics ori^a^^^mainly Jjrom. problems created by the presence of. 
antibiotic in rnjjjk'deri (ftfarthand ElUckson, 

1974; Sozzi and Smiley,, l&O). ; , „ 

Tha-Be^SyU^ 
as feed additives ^als^i^rs^uled; (Dutta and Devriese, 1981); Bile . 
resistance r ^^Jl^Jit: to be- important, for colonizing the intestine 
with lacto|i^ acidophilus 

been 



DeKlerk and Cwfe^ no- .dear 




Por/to^/i/ct^.vAp.artW et at; 1953), lacto- 

bacilli are generaJjy coD^re^ there is an 

increasing nurnJfeF. p/ r^>prrs. that, ia^acilU have been., involved in 
human diseas^:(Shar^ 1974; Bayer et al. r 1978; 

Bourne et aL, X97SJ. Mainly L. casei suhsp* rhamnosus, but also L. 
acidophilus, £. piaj^ru^Hi^pcc$4on^yJL salwarius have been found 
to be associated with subacute bacterial endoraroitis, Bvstemic septi- 
cemia and abscesse^. itta recent study^a homofermentative lactobacfl- 
lus was the onry or^itisin; dialed i: h>, pare culture from a case of 
chorioarantenrtis . (fcriranz: ei ai,. 1982),. and JL gotten was found in a 
case or urosepsis, (Dlckgiesser^t atj ^3Qi) r The many cases in which 
iactobadlfr have been isolated fjpm diseased tissue indicate their po- 
tential path'ojpn^tyi HoWyex, the biochemical basis of such patho- 
genicity is as ye^un^vnl Tfe finding that some rarnen lactobacilU 
decarbcocylnte indo!car±ti> add to skjatoVa compound, imown to be 
responsible for Mtc- bovine pulmonary emphysema, the naturally 
occurring form of th>^ an d Carf. 

sofa, 1981), may he a first positiva.step in elucidating the patrKJgerdcrty 
oflartobadllL 

Ecology, habitats and biotechnology, Lactobacilli grow under anaero- 
bic conditions or at least under reduced oxygen tension in all habitats 
providing ample carbohydrates, breakdown products of protein, and 
nucleic adds, end vitamins. A mesophllic to slightly thermophilic 
temperature range is favorable. Hovrever, strains of some species (e.g. 



£. yiridescens, L sake, L airvatus, ' L. pjmttanim) grow—aHhotigh 
slowly— even at Jow temparatures close to fieeanff point (e^. refriger- 
ated meat CKitcheU and Sbaw 7 1075)^ fish (Schrpder et aL, 1880). 
Lactobacilli are generally aciduric or acictophulc; ^ the pH 

of their substrate by lactic acid formation to belo\v 4.0, thus preventing; 
Or at least severely delaying, growtH -of ^uajS airoagr^peti^rs^ 
except other lactic add bacteria arid yeasts. These properties make 
IactobaciiU valuable inhabitants of the m'iestumi tract of niari and 
anrmab and important cohtrmutors tb';^ 'i 

Several individual species have adapted to ^ specific ecblogjcal niches 
and are generaHy not found oirtstde tJieir s^fe The 
relative ease with which such species r ca' n be ; TeisolateH their 
respective sources sirjee their fitst o^covexy^ 
years ago, indicates that these mches'axeV& theli natural 1^ 

Plant sources. Lactobacilli occur in ' iiaiuTe in low. humBers at all 
plant surfaces (Keddle, 1959; Mundt'aiid ffammeri i^a^ UJgether 
with other lactic acid bacteria grow IuinE^^l^m: all' teaiyingptaht 
material, especially decaying truirs: Her^^actobaciSt 
for the production as well as the spoSiag^ of fermehtod yegenkble feed 
and food (e-g. silttge, sauerh^ mrx^ ji>;ad^ 
beer, wine, juices). Species chiefly tstolatied have beer^X/pionmi^ L. 
brevh, Is corymformis, JL casei L curvohs, L saMe, L[&mmtwri (c£ 
Carr et ai, 1975; Sharpe, 1981; Steinixaus,- 1983; Kandler; 1584), 

Several species are typical of specific pfrducts. thiis; L. : delbrueckii 
Buhsp. delbrueckH exhibiting a very riarrOv/ range of lermented carbo- 
hydrates is the characteristic thermophilic: brgaiusiri. found in 1 potato 
and gram mashes fermented at 40~55*b (Henneberg; 19d3), ' 

It is also employed in the leinMd£^^^yttik- ! tiili& 1 to : produce 
Bantu beer (Novelhe, 1S6S), and is for tot&txtil pfotfucUah of 
lactic add from molasses (Bochta, 19^)V' fi - ' v . *.-.>♦.• 

Another specifkalty; adapted species isX. sarfranasca, the domEnant 
add producer in Californiajii sour dough 
The crganism isolated from European 
var: "BndnBrT- by Spicher arid Schroe^fi9^^ 
to the spades L sanfroncisco (Weiss^ $cnillf^ei! ieff^^^^^feiai'- 
enrnmunication). An organism specu3feaDy ^ use^ fo^ihivprou^ ' 
mainly x(+)-Iactic add-containhuj sauerkrmit} is ^ fcotirfrfc^ (St^tor; 
1974). JL hdgdrdn and L. /mc/iyor^> ; ^or^te 

orgardsms of acidic and alcOlidL"^ WMo^idk rtjirr ; 



typical cxgardsms of acidic and ' atlcw'dU^^^^ii^^^^ ^^tT^^iy^ 
and^Davis, 1972) and $amdnasfit^is l i(C&^ 
■ etol, 1977) arefoundfn dderarid^o&er fruit ^vaceiy't^ ■ ^ V*. , - : 
Althwighinany difllerent specie^;! 
spoiled beer (Rainbow, 1975; Kirsd^itmf ^M'iSl^i^ y^, 
tant lactobadUus in beer spoilage is ^rbo^ry 
incompletely described spedes which r^uires the adoption: of beer to 
the medxom for detection oijd isolatrori'(B^198l)iAm 
forming spoilage organisms in sugar factories (Tlmtiry, 1^75), L con- * 
fusus b the most common spedes of lactob'acilR'(Sharlje et aL, 1972), 
growing in sucrose concentratioos up' to 1655. v - • .'. 

Milk and dairy products. Milk contains rid lactoba'dlli when i t leaves 
the udder, but becomes very easily con liirhtoated' with lactobadlili by 
dust, dairy utensils, etc. Since streptococci grow faster; the hun>b*r of 
lactobadlli remains usually fakr/ I6w^*veh in spontaneously soured 
milk. Only after prolonged incubation do Iectobridni take over,- due to 
their higher add tolerance. In sour whey/ the inosi add tdlerant; and 
thus typical spedes, which produces as touch as 3% lactic acid; as L. 
heluetiuzs. It is traditionally Used in storters for the production' of Swiss 
cheese and other. types of hard cheeses'; e:gi. Graria, Gorgontofa and 
Parmesan (Bottazrf et al, 1973). Nowadays U delbrtieckii sohsp, bul- 
garicus or subsp. tots are also used (Bieoret a!., 1976; Audalr and 
Accolas, 1B83). In nil types of cheese with ripping periods longer than 
about U days, several tnesophilic lactobadlli [Li pUmiarum; L breois, 
U casei, etc.) originating from the milk or the dairy environment, reach 
levels as high as lOMoVg cheese (Sharpe, 1962; Abo Elnaga and 
Kandier, 1985a; van Kerken and Kandler, 1966). 

Very spedfically adapted lactobadlli for the production of sour milks 
are JL delbrueckii subsp. bulgaricuSi a component of the well-known 
yoghurt flora (Davis, 1975), and L kefir (Kandier and Kunath, 19$3), 
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the heterofermentative component of the Caucasian sour milk kefir. 
These two spur milks art the only known habitats of these two 
lactobaczIU. 

Although several species of LadobacUli may contribute to spoilage of 
dairy products by slune or gas production* only two spedes cause 
specific spoilage, L tjudfaromiaa may.be responsible for malty flavor 
in milk OvCIier et at, 1974) and JL J^etmenhns . nas been found to 
cause the blowing of Edam cheese (?ette an4 VanBeynura, 1943). 

Meat and meal products. Lactobadjili plt^ an hnpqrtant role in the 
curing process of fermented sausages cojriainmg added sucrose. The 
most common lurtrarajjy occm^ing swedes ipuod in ripening raw sau- 
.; sages are L. j^axtia^ breiki JL farcfainis, L. nRmenlarius and 
Vypica^lari^ 1970, 1975) recently Identified.as JL\ 

sake and JL <^rvatus ^gerineier t J981; kagermeier et al., 1986); In 
addition to s^re^jGjcocci, pediococd/.and nncroooccVstaphylcwc^ 
starters added to the meat mix piten contain L. plantatum (Bacus and 
Brown, 1981; Robinson, 19^Iiepei i^K). ,. ... 

Various species of jactojbacaii multiply during cold storage of meat 
products. This delays spoilage by proteolytic bacteria, but may also 
lead to spoilage by oro<^ing off-flavor, acid taste, gas,sfimeor greening 
(Egan, 1983). While L. oirHescens has been shown to cause greening 
(Niven and Evans, 1957), the role of the other species frequently 
isolated from stored meat—lL plantarum, L brevis t and unidentified 
lactobacOli^is not dear. Some of the ^atypicaT homofermentatiye 
lactobacilii described by Hitchener et al (1982) have been identified as 
L sake and L curvqtus (Kagermeier et at, 1984). The unidentified 
heterofermentative strains found by Hitcheper, et el (19850, which are 
characterized by. the production of LC+Maotf c add, may be identical 
, with L. diaupms, the recently described new species isolated from 
' vacuum-packaged raw minced meat in South Africa (Holzapfel and 
Oerber, 1983). ... 

Fish and marinated fish, AithoughlactobaciUi have not been consid- 
ered to be ino^genous to the marine environment, Kraus (1981) and 
Schroder et aL (1980) have shown that herring caught far from popu- 
lated areas and fish and laill jBfom the arctic environment harbor cold* 
adapted lactobacilii resembling L plantarutn. However, one of these 
isolates, studied in mote detail with respect .to its ability to decarbox- 
ylate amino adds (Jopsson et aL, 1983), forms exdusively L(+)-lactic 
add, indicating, that it represents a new,so fer undescribed cryophilic 
species rather than L.yplantarum, .Homo- and heterofermentative lac- 
! tobactlU play an important role fe» tfae spoilage of rawniarinated herring 
* (Blood, 1975). It Is suggested that the acetic add added to the herring 
provides the necessary a c^^^ 

present in the fish inuscle (Me>-er, l^si). The free amino, adds thus 
liberated then, provide the energy source for acetic acicVtolerant and 
- saU-toleranMa#obag^ 

Tha C0 2 formed is tha first inaication of spoilage. In carbohydrate-, 
containing marinates; the v carbohydrates : may be the source of GO* 
liberated by heteroferraenUrrva lactc^ciilL Therefore^ Meyer (1956) 
distinguished between a "carbohydrateT swell and a 'irotehr swelL 
Laclobadlli isolatedfrom majrinated hexr|ng were mainly allotted to JL 
plantarum, L brevU.&ndiJL buchneri, However, remvestigarJon of such 
isolates employing modern biochemical.and genomic characteristics is 
necessary to elucidate tfauetr: tim v ta^bpmlti pfns3tion«- • Uiiidentilied 
Jactobacim haye also been iso^ 

and McDermott, 1961 j arid diseased rainbow trout (Cone, 1982). 

Man and animals* The intestinal tract, of man and animals harbors 
many spades of lactoJjadlfi (Lezdieand router, 19S2; MItsuofca, 1969) 
living as commensals intimately associated with the mueosous surface 
epithelium. THs subject has been eclenslveiy reviewed (Savage, 1977; 
^harpe, 1981). Only the tew species found exdusively, oc at least 
predominantly, in the fotestinal tract will be d&cussed here. 

JL salitsaruss.msy be the most typical specks of the mouth flora, 
although it is also found in the intestinal tract (Eogosa et aL, 1953), 
The other spedes found are much more universally distributed in 
nature. 

The most prorainankspedes, probably Indigenous to the intestine, is 
U atddophUus^XKi^is'he^ed toj.xert a beneficial effect on humane 



and animal health. It is used on an industrial scale in preparing 
addophflus sour milk and producing pharmaceutical , preparations 
(Rehxn, 1983) for restoring the normal intestinal flora after o^starbance 
caused by diseases or treatment with antibiotics. Whether suck prejh- 
arations contain true L acidophilus strains; and which strains, If any, 
have a beneficial influence in the particular individual remains a* 
controversial topic (Lauer et al* 19iB0L The problem is further compli- 
cated by the fiiiding that strains deagniteoVjis L. acidophilus proved to 
belong to many different genotypes exhibiting only a low degree of 
DNA-DNA homology with each other (Johnson et a), 1980; Sarra et 
ai, 1980; Lauer et aL, 1980). While most g^hptypeg cannot be distin- 
gittshed on the basis of phenetic characteristic^, two genotypes could 
be pheno^rpically separated, and one of them has been described as 
the new spedes L gasseri (Lauer and Kandler, 1980). Another r^ntly 
described homofennentaiJve spedei, L. animaRs (Dent and Williams, 
1982) also phenotypically resembling JL acidophilus, was detected in 
dental plaques of primates and in the intestine of dog and mouse. It 
could be separated from L acidophilus msSxtly on the basis of the 
protein pattern obtained in dectrophoresis and the formation of exclu- 
sively L(+) -lactic add . 

Recently, strains belonging to an addUional genotype of L acidophi- 
lus or to the genotype HB of L gasstri were isolated from kefir. These 
strains represent the majority population of lactobacilii in the kefir 
grain, but only a minority in the" final sour milk product,' where the 
'heteaufermentative spedes U kefir dominates (Knnath and Kandler, 
1984). The distinct heterogeneity of the spedes L. acidophilus is a' 
challenge to all intestinal nucrobiologists. 

Among the heterc^ermentative btestinal lactobadlli, JL fermentwn 
was considered to ba the dominant spedes (Lerche and Reuter, 1962) 
in the intestine. A taxonomic ^ siudy of several strains designated as X. 
jkrmentum based on the sugar fermentation pattern revealed that two 
groups of strains, representing two species exrubfting a Q + C content 
of S3 mol% and 41 mol%, respectively, bad been included together. 
Btmms possessing the lower tie new 

spedes L reuteri (Kandler ei at, 1980), which mdtides most strains 
isolated from tbamtest|ne by Lerche and Reuter (1S62). A reuteri was 
also found to ba the domlnaOnr h^teroferme^ in the 

intestine of calves (Sana et aL, 1979). Thus L. renteir may be the main 
heterofermentative lactobacillus species In the intestine; whilei fer- 
mentum seems to be mdre' 'wide^read in lactic acid feimenteil sub- ; 
strates. However^ this suggestion needs fuithef confiim^ ' 
^ murlnus, a reoehtly descrae'd h<miOfezmentative species, has beeri 
isolated from the feces ofmiceahdrots.lt may be 'a typical spedes in 
the intestine of rodents (Henime et aL, 1980). • 

Lactobacilli are also found in the rumetf of ruminants; However, they 
are- rarely classified at~the<*jpe^ — 
ruminis and JL bitulinus, have been described from the bovine rumen. 
L. ruminis has also been isolated from the hnman mtestine (Sferpe et 
aL,1973b).- . ••• 

Sewage and manure. Sewage and manure are secondary habatats of 
all lactobacilii found in the hdesrme, but also of some other spedes 
not, or only rarely, found in tha intestine. In manure, JL corynl/drmis 
and h curvatus, neither recorded as intestinal, are freqaentr> found 
(Abo Elnaga and Kandler; -1965a). JL ooecmosfenra h^ 
found in cow dung as yet (Okada et aL, 1979). 

In municipal sewage, levels of 10*-10* laaobacilK/ml bare been found 
(Weiss et at, 1981). The heterofefmenUtive sfaains (-25^) bf the : 
isolates have been classified as JL ferntentum, L reuteri h Breeds and, 
toa lesser extent, asX^con/u^Thehomofenhentatw^ 
of the isolates ^ belonged to a Jaigef number of different spedea. How- 
ever, about 10% of the strains couid not be allotted to any of tbe known 
species. They have been described as representatives of the two new 
spedes L sharpeae and JL agUis, not as yet found in any other Jabitat 
(Weiss et aL, 1981). ' > 

Enrichment and Isolation Procedure, , . > 
Procedures for the isolation of lactobacilii must take into account 
their adoW or ai^lnlk nature, their complei riu^tlorial r^ire- 
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meats and their preference- for microaerophiiic conditions. When lac- 
tobacUU are. the preosmlnant flora in. the source material, the rather 
nonselective MRS* agar . (de Man, Rogosa and Sharp*, I960) or the 
somewhat similar AB$ agar (Evans and Nnren, 1951) max be used for 
isolation. APT agar is commonly used for isolating L. viridescens and 
other !actoba<^ -from meat products. When lactobarilK occur only as 
part of a . complex :popuktibn; selective media are required Most 
JactobacnK front many ain^nt sources have, heen successftdly isolated 
on the, widely iUsed acetate mediumf (SL) of Rogosa, Mitchell and 
Wis«n^ ( (I^5I). : Hcrweyeri medium Is not completely selective for 
Iactobadin a* other. Jacxic acid bacteria, e.g. leucoaostocs, pedlococd, 
enterocb^. K^o^ sources) and yeasts may also 

grow; 31nttv;0#opM to .be further examined Yeasts may be 

elhninated^by the ao^ic^ c^cyrJohBtimide at a concentration of 100 

On the other, hand, 5pme lactobaciHi, mainly from quite specialized 
envh^nmeiitBi .Vvill not grow on ;SL medium. Depending on the source 
of isolation; minpr m^ supplementing h with 

more or ^.specific growth, factors Bach as meat extract, tomato juice, 
fresh yeast extract; rMt extract, ethanol^ mevalonic acid (sake) or even 
some of uw m^ improve the 

isolation qf Iflctojba^ highly adapted to the conditions of 

their ccolpgicd: nichesi; Replacement of glucose, either completely or 
partially, by ith^ <^b^^fetcs. such, as maltose, fructose, sucrose or 
arabinose b rccorhrhcitd^^m spnie cases, especially where heterafermen- 
tative lactobaciUt play ancimportant:,r^ For the detection of beer- 
spoUui^bairterja mdUalng nutritroi^y fastidious lactobacflli, a special 
medium" (r^B maJiura) has been described by Back (I960). For further 
information reference is given to Sharps (1981) where many media and 
methods of cultivating lactobadlB arc compiled in detail. 

For the isolation of anaerobic : IaclobaciDi from intestinal sources 0.05 55 
(w/v) cysteine should be added and it may be necessary to prcreducc 
poured, dried plates by overnight incubation in an anaerobic jar. 

Since most lactobadlh" generally grow belter eiiher anaeroblcally or in 
the presence of increased COj tension, agar plates should be incubated 
in jars evacuated and filled with 90% Ni or Hz + 10% C0 2 or in 
anaerobic jars (BBL,Oxoid) using Hi +COz generating kits. 

Maintenance Procedures 

For short-term preservation,; cultures are preferably inoculated into 
MRS or optimal medium agiar stabs, hicubiated until growth becomes 
visible* stored at and transferred : mipnth^y. Some spedes or 

sfraEns> however, die 6ut quite rapidly wittin a series of transfers, 
'Alternatively, cultures grown to the early" stationary growth phase may 
be deep frozen in the growth medium and stored at — 20*C Cor several 
months. 

The method of choice for long-term preservation is lyophilizatiorL 
Cells grown to the late logarithmic growth phase are collected by 
centrifugation, resuspended in sterile skim mux or horse serum con- 
taining 7.5% (w/v) glucose and Jyopbilizei Ampules are sealed under 
vacuum and stored at 5-& # C. Most strains preserved by this method 
are still viable after 10-20 years, although some require more frequent 
rclyopHlizarioru Strains may also be kept for long periods (over 30 
years) in fiqirid nitrogen. 

Procedure for Testing Special Characters 

Carbohydrate fermentation, MRS broth without meat extract and 
glucose with 0.05% (w/v) chloropheool red is generally used as basal 



medium. Filter-sterilized solutions of the test carbohydrates are added 
to a final concentration of 1%. Tests are incubated at the optimum 
growth temperature and results recorded up lb 7 days.. Tn. a few cases, 
a.g. some strains of L. delbrueckU, the addition of 02%: meat extract 
broadens the pattern of fermented c^bphydrates somewhat .and th§ 
fermentation of glucose is distinctly improved For, strains Which will ' 
not grow reasonably in MRS broth the optimal growth medJuhn should 
he used as basal medium. > . . . 

Lactic add configuration. The amount of the isomers of lactic acid 1 • 
produced is best determined enzyingrlcaUyiu^ing D-laciate (Gawehn 
and Bergmeyer r 1974) and L-bctate dehydrogenase (Gutmamn and 
WaWefe1aM974). ... „;. v > d>^^-.r ? :,..;.v. • 

Corrections must be made for the lactic acid content of the" rnedhirri 
before inoculation- Care must be taken]. to analyze cultures. arter they 
have reached the stationary growth^ pjiase,, since some Dl^fonriere ' 
produce predomrnantly L(+)- or, In a few cases, D(-)*lacdc add : durtog 
the early growth phase. . ,t < . . .. 

CeU wall analysts. The absence or, presence of meso- or- LL^diamino- 
pimelic acid (meso-DAP; IX-DAP) in the cell wall may be tested by. the 
following simple procedure: ceus from about 1 nil of broth culture or a 
loopml of cell material taken from an agar plate or a slant ar^ hydro- 
lyzed wrtti oi ml 6 M HCi at 100'C, overnight, in a sealed ampuda HC1 
is removed by a gentle stream of air on the hydrolysate at about 50 # C; 
the residue is taken up in a minimum of water, applied to a thin layer 
plate (precoatfid cellulose plastic sueete'are r^ - 
in the solvent system: roethanobpyridiiae^ HCI (320:40:7030 

v/v/v/v) for 2-3 hours and sprayed witi aadjc' tio&d^ hieso- and 
LL-DAP are well separated from all other amino adds due to their very 
low Rf value. They are farther characterized by their olive' green color 
which changes to yellow after several hours or days in the dark. 

For details of the peptfdoglycan composition, pinifled cell walls must 
bo prepared" In most cases the rapid screening method, e^j. boiling the 
washed cells with trichloroacetbaridfoJlowed hy digestion with trypsin 
(Schleifer and KanzBer, 1972), iff satfefactory. tys&e and omiQrine can 
be distinguished by the ctiromatograplijc ^nieUibd^escrioed above. It is 
the least time-consuming test to dij^erientfeta miteri from L. fer- 
tnentuxn. ' }' f 

The peptmogIycan*typ8 Lys-DAsj?, most widely distributed within 
thB genus Lactobacillus, is well charactejdzed bjrthe occurrences of N 9 - 
(ammosuccinyl>-Iysina, a denratiWof^ dur- 
ing add hydrolysis of cell' walls (ffi^^j^S^iofe)-. It can be 
easily detected by ru-o-dimensional paper c|b-qrnafography (Grst direc- 
tion: isopropanoh acetic add: water 7&fpa5;^ second direction: a- 
piconne^% NH 4 OHrwater 70^28^ diher peptidogiycan types may 
be analyzed by the methods described in detail by Schleifer and Kan dler 
(1972). 

Teichoic adds may be extracted from cell Walls with 7056 hyd rofluoric 
add at 0"C and analyzed by Uqaid gas chromatography according to 
Fiedler etol (1981). 

Characterization of lactic acid dehydrogenases. The electrop»horetic 
mobility of tho lactic acid dehydrogenases (LDH) Is determined by 
poryacryiamide gel electrophoresis at pH IJo using crude cell extracts • 
according to Hensel et ei (1977). L-LDH' rabbit fco-I (Boehringer, 
Mannheina) serves as reference. VYhether the L-LDH of an organism is 
anostcric or not is tested by spectropho Lome trie measureraenb of the 
rale of pyruvate reduction with and without the effectors fructose-!^ 6- 
diphosphate (FDP) andMn' + at pH B.5 in dialyzed crude cell eExtracts 
(Hansel et ai, 1977). 



* MRS agar: casern peptone, 1 0.0 g; meat extract, 10.0 g; yeast extract, 5 JO g; glucose, 20.0 g; KjHPOj, 5.0 g; dlammonf um dtrate, 2 0 e Na acetate 
5J) g; MgS0^7 HA 0-5 R MnSO v 4 HA 0^ g; Tu-een 80, 1.0 g; agar, ISJ0 g; disulted water 1000 ml; adjust pH to 6.2-6.4 and sterilize at 121T 
for 15 min. 

t" Selective 5L medium: casein peptone, 10.0 g; yeast extract, 5.0 e KH 2 POi, 6.0 e diamraoninm dtrale, 2.0 g; MgSO<*7 H a O, 0-5 g; MnSO^ .4 HaO 
0.2 g; FeS0 4 .7 HA 0.04 g; Tween 80, 1.0 g; glucose, 20$ g; Na acctateO HA g; agar, 15.0 g; dissolve the agar separately by steaming, in 500 
ml (h'stiucd water; dissolve all ihe other ingrcdienU without heating in 500 ml distilfcd water, adjust pH with glada] acetic add to 5 4, then add this 
to the mdtcd agar and boil for 5 mm; no further sterilization is given. 
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pi/ferentiationfrom Other Closely Related Torn 
Lactobacilli are xwtaboHcaily very smHar to the other genera of the 
so-called lactic acid bacteria. Only their i^srmpe readily dls^^ 
them from the coccal genera' Sr>epfcc^ md P&locbc- 

eu*. However, some species of the obKgately heterofenaenUtrVe laeto- 
bacilb form coccoid rods and may be cbrirused with Leuconastoc, Hiase 
speaes are tfu^nuated from Leutbnostoc by their fomatibn of dl- 
lactic add and not d(~) -lactic add. 

Si^m ot Streptococcus wha* form atypicafly elohgaied cells may ' 
also be confused with coccoid rods df lactobaciwV Here, iirTerentiailto " 
may require nucWc add hybritfizaadh as in the case of i xytosiis and 
■L. hordmae," both of which have been shown to belong to the genus ^ 
Streptocixats (Garvfe et at* Iffel; KflSpper^SBSIz et aX, 1982) « : - ' * 
The ^rod-sbaped bifidobacteria, which un til the eighth edition i of " 

Lactobacillus btfidu,,* may be dlrrerentUted from lactebadffi '6n : the 
basis of their characteristic hexoae fermentation pathway which yields 
lactic acid and acetic acid at a molar ratio of 2:3; but no CO^ instead 
of lactic acid, acetic add (or ethanoi) and CO, at a molarratrb of 
the pattern of fermentation products typical of obfigatery ^ Kefcrofer- 
raentative lactobacuTi: 

Taxonomic Comments 

The spedesof the genera Lactobacillus, Leuconostoc, Pediococcus and 
Streptococcus form a aupercmstcr within the so-called Clostridia sub- 
branch of the GianHJosiriva bacteria, as shown by oligonucleotide . 



cataloging of their 16S rRNA (Kg. 14.4; Sta^brarMk et aL, 1983) 
Bifidobacteria, already excluded from the family LactobacUlacea* in 
Bergeys Manual, eighth edition, hare proved to be completely unrelated 
to IactobacfflL They belong to the so-called actinomycelaies subbranch 
of the Gram-positive bacteria. ■* « • 

Tbe neighborhood of the lactobadflus superciuster and the strepto- 
coccus cluster, and their position at the Clostridia subbranch which 
also contains the aerobic bacilli (Fig, 14.4) is in accordance with OrlaV 
Jensen's concept of "lactic acid bacteria* as a group of dosery;related 
rnlctoaerophllic genera; However* there is only liniited agreernfent oe- 
tween the wsnlts obtained by oligonucleotide tsu^^ the i phy- 
logenetic fmptfcationirof serology 
malic enzymes (London,, 1971), fxoiaose-l^clrpb^ 
(London and Kline, 1973; London and Chace, 1976) arid gi^ralda- 
hyde-3-pjio^ImteaVmydr^^ 

lactic acid bacteria and some ariaeroblc and aerobic bacteria. On the 
basis of the two techrdquea, only the very dose mtarfelationsbip 
between the four genera of lactic add bacteria and their origin from a 
conirnon progenitor is cartafa, DitTerent results were obtained not only 
regarding the relationship between the lactic add bacteria and other 
phylogeneticaliy more ajstaxxt genera (Eubacierium, Prophmbaxtsnuni, 
Brochothrix,Achoieplasau^ but also regarding the reTatmn- 

ship within the lactic acid bacteria; Tub irnmunological grouping indi- 
cates a dose relationship between streptococci and the L. easel group 
(London and Chace, 1983), whereas* on the basia df the 16S rRNA 
cataloging, only representfltrves of the genus Streptococcus, "but not 
members of the genera Pediococcus and Zleuco/uwfoc, can be separated 
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Hgure 14.4, Dendrogram of rdatiorishrp. among repie^ntatrves of the genera Lactobacillus, Leutonostoc, 

vahies (16S ifeMjAfamp Stackebrandtet aL, 1983): A, actuiomycetales aubbranch; B, Clostridia subbranch: 
and C. UclobacTUus superclustcr. * • , . 
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from the genus Lactobacillus^^ subdivision of the genus Lactobacillus 
into three groups, corresponding to Orla-Jensen'G genera 'Thermobac- 
ferwm/ ^Streptohac&zwirF aa&fBetabttterhmt" often referred to as 
subgenera (Sharpe, lg8t)y is indicated; in the dendrogram based on S AB 
values (Ffg. 144). With; the exception of the pair L heloeticus and L- 
acidophUuSf which Is related, at the- very high level of Sab 0JSS f all 
investigated speae*r.e^ch?bit low 5ju> values between 0.47 and 0.G5 
mdicatingB considerate phylogenetlc depth for each of the phenotypes. 
In ao^itf o*y:the/,snui& dlff^^ between the Sjut values suggest 
exterwrw.t^Bci^ period of time, probably 

at the global "Pasteur point" when micro aerophilic life became possible 
(Stackebr^^e^^Jd^;- - n 

The high p^yjpgen^tic age of. the genus Lactobacillus Is also reflected 
by the .^e.r^'g^prti>e Q + C content of DNA front 32-53 mol%— a 
span twi^affl^^ for. a single-genus (cf. Schleifer 

and StackehrandC 1983),' the lack of significant DNA/DNA homology 
be tween roost, of^ tbfl^raes;.and theirelatively high rate of amino add 
exchange ajoongvpalrp of lactob^cilius species in the highly conserved 
substrate-grinding regjprf pfx4actic acid dBhyorogenase (Hensel et aU 

• More worl^is^ne^ the phylogenefje structure of the 

genus I^clpbac^Uus and -the c4her gftnera constituting the "lactic add 
bacteria** Hence; .we n shall not at; present follow the suggestion of 
Stackfi^raiiijfc ^etjat; .(I9^)!:t0:exipand the description of the genus 
LactobocUlus so. as : to comprise also tbB genera Leuconostoc and Perfi- 
ococcus* . ,,-^.^ :r>>^/:^-rv 

We shall wra^ theA species ;of lActobacttkts into the traditional 
three griour^irese^^ without designating 

them as formal suhgenexJc taxa since they do not represent pbyloge- 
neticaUy de^e^; clBB^rs; Al^ugfrthe majority of strains of each of 
the rtew, groups, a^ of thermobacteHa, 

streprobacteria arid lfefahrt^^ species 
do not fit these definitions. Hence, the following new definitions 
contain neither growth temperature . nor morphology, the classical 

Grotfp -ty&mjj^ Bexbsea are fer- 

mented 'irifittfo^^^ 'tor ' th* Embden-Meyerbof 

pathway; pentc^(ui^c1oria^ rtate reports on 

pentose fermenta fTbnhy particular strains of members of group r should 
be; reu^est^ in 
order to' get miormattOn on the pO$spe,j,fermentation:mechnnism of 
such atypicalst reins* In a few case $, r we, Have obtained strains claimed 
to ferment pentos^ However, they wther did not ferment pentoses in 
our hah& w 6la^ I. 
. Group. H, facultatively lieterpfennentatlve lartobacHK; hexoses are 
fermented ahnost exclusively^ by the Etobden-Meyerhof 

pathway or, at least by some species, t<i lactic acid, acetic arid, ethanol 
and forniic jpmU^ ate fomented to 
lactic acid ana* a^eafeacjdSrfa a^rn^ibls phosphoketoiase* 

Group IUt obligateiy - heterefe^raentative lactobacilli! hexoses are 
fermented to lactic'acid^ ai^u^fcid (ethano!) arid CO**; pentoses are 
fermented to- lactic add and acetic add. In general, both pathways 
involve phosphoketolase. However, some species which probably pos- 
sess other pathways for carbohydrate breakdown but performing also 
a hererolermentation including the production of gas from hexoses are 
tentatively also included in group III, e.g. £. bifermentans. 

Group I harbors all the classical representatives of Ola-Jensen's 
therraobacteria and many recently described species. With regard to 
DNA/DNA homology, group I contains two complexes of related spe- 
cies or subspecies and many single species not related to any significant 
extent on the basis of present knowledge. One of the two complexes 
consists of the three subspecies of L delbrueckiL The type strains of 
the four former species, L. delbrueckh) JL bulgaricus, L. baits and L 
hichmannu, were found to possess between each other more than 50% 
DNA/DNA homology (Weiss et aL, 1983b) and the ph ceo typical dif- 
ferences are restricted to variations in the range of fermented carbo- 



hydrates. Thus they have been considered to justify only the rank of 
subspecies, L delbrueckn subsp. lactis Exhibits the widest rangfe of 
fermented carbohydrates and may be the, common ancestor from wnich 
several variants, adapted to specialized rikhes (sdurroilfc; grain mashes, 
etc.) have evolved by only minor changes of the ph'ehotype and geno- 
type. • •-.'r:-^ ' .V'f/^ '. -v • 

The second complex is represented -by Li ackbphihis whi& vnis 
shown to exhibit a distinct genomic heterogeneity^ A large* namber of 
strains designated originally JL acidophilus has been arranged in two 
main groups of genotypes each consisting of several 1 subgroups, based 
ou DNA/DNA homology {Jobnson^ta^^ 

et ah, 1980). DNA/DNA homologfcis V^^l^.^bfefcnTOtit s^iK^- of-tH0 
same subgroup, 25-5056 between-^ralri?' of a^eren suhgroups vvithin 
each of the two main groups and r»low.'25%-between strahis ofthe two 
main gTotrps, The two mam groups exhibi&tldar phenbtyplc diflerences 
and are thus considered to represant two^miterent s|ie&&. Tifte 'main 
group containing the original ty^>'6t^rn_ k of ' the; species retains the 
nameL. acidophilus, while the otner "group has been described as the 
new species L gassed (Lauer and Kandleti' 1980), Recently, the type 
strain of the earlier described species L, crispatus (Moore and HoWe- 
njan, 1070) was found to be 10096 homologous with one of the siibgroups 
of I. acidophilus (Cato et aL, 1983).- • . 

JL hedocticus may be considered a highly spieciaEzed derivatrre of the 
JL acidophilus complex, adapted to souri whey. It reserables ; £c acido- 
philus with respect to the G + C content of DNA and many hTotherhical 
characteristics and possesses DNA/DNA. homology of l3T44%' with 
representatives of the various genotypes, of & acidophilus (iolansoh et^ 
aL, 1980). It shares also a high Sta value with t}» t^ strain of L\ 
acidophilus (Ffg, 14.4; Stackebrandt eb aJ^;19B3) j-Thus, K acidophilus, 
Ligasseri, L crispatus and JL ne/t^£cas form ; a cluster of cl^ related 
species within group I, which rs only Vd^ntiy « re the? it, del- 

arveckH complex (Sxb ~ 0.6), repwaente^\by Ix rfe&ru^tsubsp. fotuV 
in Figure 14.4. ■ : }:±ri:/*jhk'&"-^ 

Group II contains Oria-Jens^tik sirep^^ 
described species. Three complexes b£ s^ec!^ 
recognired, while the other species show, np.fepwri. phyjogenetic rela- 
tionship with each other. . ■; -< v "" : ;v-/ : l. ■ -, Y 

One complex Is formed by the strainsjdKls^te^ The 
phenotypical variation witBn this glaixi spedes bave long;be"eii, recog- , 
nized. Strarns,exrnT?rtmg.i^^ct _ 
baciUuSf e-g, motiHty, mrratereductici^eUa^raialB^^ havetofLeil 
(jeen designated Lplantarum. A genomic heterogeneity cf IT plxntvrum ■ ' 
has been shown byDNA/T>NA hcmiqib^studie^ ^ 1975), 
Afthough most of the strains mv^gated^v^re: reJared-ro the . type 
strain at a homology level of 80-lpO%V ^ quarter of the strains' was' 
only related at a level of 30-70%. /Tliree; strairKf. were highly- related 
with a strain designated ~JL pen^ff^ : (Fr^d et ah/ . 1921),. -a. name 
considered to be synonymous wi thX. -ptenta^tmr at present^ but which 
may be revived in the future. Four other strains erhUbited 57-70% 
DNA/DNA homology between each other and to thes type strain' of L. 
ptantarum, thus indicating the existence of additional genotypes of L. 
plantarunu 

A second complex of at least three genotypes is formed by the 
subspecies of L coseL While the type strain and only two strains 
originally designated U L. zeae* (Kuznetrov; 19o9) are related at a DNA/ 
DNA homology level of 80-100%, the.rnajorUy of the strains: of JL cpsei 
subsp. ccsei, L. casci mjbsp.pseudophntqrum and JL casti sub&pjtolerans 
form a second genotype at a homology level of 80-100% aracaig each 
other, but with only 40% homology toward the genotype which contains 
the type strain. Strains of L casti subsp. rhamnosUs represent a third 
genotype which shares only 30-50% homology with strains of the other 
two genotypes. Because of the low DNA/DNA- homology, and distinct 
phenetlc differences to other subspecies (see Tables 14.7 and 14.8), L 
cose! subsp. rkamnosus is a candidate to be raised to the species status. 
The two other subspecies, although closely related to L. cased subsp. 
case! are phenotypiwdly distinctly duTarent by forming DL-Lactic add 
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via a lactic, acid racenaase (L casei subsp. pseudoplantarum; Stetter 
and Kandler, 1973) or by heat tolerance and. an extremely spam 
pattern of fermented carbohydrates {L casei subep. tafenms; see Tables 
14.7 and 14.8), respectively.. £ cosersubsp. toleruns does not ferment 
ribose and gluconate and therefore does not fit the definition of group 
IL However, the high DNA/DNA homology with JL casei Indicates that 
the lack Of tbj^chamirteristics is caused by minor gracmiic dhTeJences, 
The third complex of spedes consists of L. sake, L. curvatus rind JL 
bavarian. The first two species are related at a DNA/0NA homology 
level of 5QS5. rJoth species are characterized by possessing inducible 
lactic add raceniase which converts tne prirnarUy formed lj(+)«Jacric 
acid to race^nate (Stetter and kandler, 1973). Z*. baoarwutf (Stettar arid 
Stetter, 1980) is phenotypc«uy clearly different from the two species; 
by the lack of lactic add racemase; but otherwise it is very smauatvln 
fact, the type, strain and most of the strains of L. bavarictis exhibit 
100% DNA/DNA homology to L sake, while - a few strains are <iom- 
pletery homologous with £ <wwitos.(Kagermeier et al, 1985). Thus JL 
bovancus consists of two genotypes, one of which, inchafing the type 
strain, may he considered as a subspecies of L. sake, the oth.er as a 
subspedea of L curvatus* , . 

JL casei, L. curvatus, Lsake and L, bavarictis possess an allosteric L- 
lactlc add dehydrogenase with fructose-i,e-d?pho5phata and Mn^ acV- • 
mg as effectors (Heasei et ai, 1977). Hie properties of the t-lactlc add 
dehytogenase enzymes of the -various species are very similar They 
show partial serological crosj^reactibns (Hensel, 1977) and their sub- 
units form hybrids (Mayr et aL, 1980). This could indicate a close 
pby^netic jcelationship between these spedes. flbwever, no signifl- 
cant DNA/DNA fiomobgy could be deteeted.between L. casei and the 
other species. No Sj* values of these spedes axe known as yet. An 
allosteric Lactic add o^hydrogenase has also bean found in I, mhn% 
nus. However, this enzyme has.not been studied in detaiL None of the 
other spedes pf group II show a significant DNA/DNA homology to 
any other species or possess phenotypic characters which would indi- 
cate a spedfic relationship between any pair of strains. 

Group III contains all the obligately hetexbfexmentative gHs-formlng 
IactobaciDi of Orla-Jensen's germs "BetobacteriutjT and several more 
recently described spedes. Two spedes— L bifermentans and L div- 
ergens— which also form gas from' globose, probably do not possess the 
9-phosphogiuconata pathway. JE btfermentans ferments glucose homo- 
fermentativebr to PL-lactic add^; InJt^depehdihg^ pH^fthe- lactic 
acid formed is more or less' cbniplately sph't into acetic add, COi and 
Hz (Pette and yan^^rh,' 1943, KarKfler et at, 1983). Although the 
forma lion of Ha is a cnaractexfc^^ In' the description of 

the genus Lac&bacijlast the Organism fa kept hi this genua because of 
its distinct relationship to lactobaciUi as evident by the dendrogram 
basedonl6Sr^AcalaIogfaig(Fi^ 

I)NA hybridation (SchilKngeir, tuipUbushed). Ctonsr&rmg the' clia- 
yatofts and' the rKNA/pNA hybridization data; .L. bifermentom is 
closely related to L casei, an organism able to form aceticada, ethaiibl 
and' formic add instead bf tactic add when grown under #ucose ' 
limitation. However, L casei does hot possess a dehydrogenase for Hi 



evolution. It is tempting to suggest that L bifermentahsls derived from 
L casei by evolving a formate hydrogen ligase. 

The fermentation balance of L diverge** indicates that this organism 
also does not possess the 6 T phosphograconaie pathway. On a mblar 
basis, the proportion of the compounds (acetic add' ana etharidl) 
and C0 2 formed from hexoses is too small compared to that of lactic 
add Also pentose fermentation does not yield the proper molar ratios 
of fermentation products. Here, the Ci wmpounds are faVOrfed com- 
pared to lactic add. Although the details of $he fermentation inecha- ' 
uisni remain to be efuddaled; L. dwergens is clearjy heterofferniexitative 
and thus included in group IIL * . • ? • . *. > 

Most spedes of group fil fall within a very narrow range bf G + C 
content of DNA (40-48 mbl%). However, they do not shotfsigaulcaht 
DNA/DNA homolo^hetwaeri each other (Vescovo et aL,1979j. Except 
Ihepair L kefir andX. buchneri^ exhibiting a DNA/DNA- Iwmoilogy of 
40% (Kandler and Kuhath, 1983), no reBable cius^Jg of species 
withm group m is possible. However;- it. is suggested that spedes in 
which the Lys-Asp type peptid6grycan---most aimman among: lacto- 
bacait-is replaced by the Lys^AbvSer or chemkaliy simhar types^ 
typical of the genns Lewwiostoc—may form a duster related to Leu- 
conostDC Such a relaiiorKhip has already been suggested in the case'of 
L vindescens and Z, con/usiir (Gar^l975)Vs^ 
Lys-Ser-Ala and Lys^aa type peptidoglycan, respeotrvdy' Oii the 
other haqd, members of the two genera are sometimes ronrused^ t^ 
JL con/ususvms oripnalry allotted to XkueOTmsme beca^ 
appearance and slime formation, whereas the heterofermentative, coc- 
coid\ "L batatas* (ATCC 15520), described by KHaliara' (1949), was 
found to form nH-Wtic add and belongs to Uucoifostoii (\Ve%L ■ < 
unpublished). 

The phylofeenetio sinicture of group 1 UI needs further eluctdatioh 
with the help 6f DNA/RNA hybridization -and the determination of 
5Ua values of a greater ^number of spedes. 
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Dlffereniiatbn and characterbtrcs of the species otthYganus UctpbaciHus 

are listed in Tables 14^-14.10.- 



Tha difTerential characteristics of the species of Lactobacillus ax* 
indicated in Tables 142 arid 14.4. Other characteristics of the spedes 

List at tha species of the genus Lactobacillus 

1- Lactobacfllus ^O^rtieclrii (Laicbniarui 1896) Beqeridcfc 
229.^ (Bacffius DelbrucH (stt) Ldchmanh 1896, 284-) 

Note. Because of the high jihenotypic and genomic shnilarities be- 
tween L dejbruedm; L leichimmii^L. tactti amj L. butgwew only JL 
dclbrvtckiiis here retained aslt separate s^es/ whereas both L. ladis 
and L leichnumrta are treated as L. deibrueckil subs^. hctti and L. 



bulgariaa as L. deibrueckil subsp. bulgariciis (see Weiss el aL, I9&^b 
1984). -v> -■ • - . • •, • 

deUwoecTdx MX. gen. n, de&rueckB of Delbrikjc; named for M. 
DefljrOck, a German bactedologisL : 

Rods with rburtded ends, 0^-0.8 by about 2-3 firit, ocevnirig singly 
and in short chains. 
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Tattle 14.3. 

Differential characteristics of the obfigatefy homofermenlative and facultatively heterofermentative speries ofthegenus Lactobacillus" 



Species 


Mol?5 
0 + 0 


x err nine 

add 


blo*e nose 




Sucrose 


lie 
acid 


tie 
arid 


DL- 
Lartlc 
add 


Grovrtb 
at 

16*0 


RIbose 


taDptn 
tnpap- 
ftido- 
sly can 


25, Lik plantation 


45 


+ 












.j_ 


T 


+ 


+■ 


23. Ll. maUararnkxis 


36 












■f 










16 L. a eUis 


44 






















13. L. sharpeae 


53 






+ 






+ 




^- 






15. L. yamaftasfitensis 


33' 








+ 














11. £. r&mrrcfc 


44 




• 








+ 










14. L. vuullnus 


35 










+ 












24. Z«- tnurtnits 


43 








+ 










T 




22. Jjl hvfnohiochn 


36 


+ 












4_ 
i 


j_ 
f 






19b. £•. cusei subsp. 


46 






+ 
















pseudopfantarum 
























26. L. safe? 


43 




+ 


















2L cuwatus 


43 






















18. L. 6 cert cos 


43 






















19a. £. cosez 


46 






+ 
















17. £. atimeniarius 


36 


- 




















20. Z*. coryniformis 


45 










+ 






+ ; 






3. amylophavs 


45 




+ 


















7* Z.. foramina 


35 






















6. JL amtnalis 


42 




+ 


















• 12. L. saliuarius 


35 






















9. L. hekmticus 


?9 














4- 








4. I*. ajpytooortts 


44 


+ 


+ 


















2. X*. acidophilus 


3fi 






















p. crlspatus 


36 






















8. jLgasseti 


34 






















1. Ls. dslbruecktt 


50 


+ 








+ 












10. £a/enscft« 


35 























* Symbohs + ? B0^ or more of the strams; art positive; ^> 9056 or more of the strains arc negative. 

Good growth at 45*C or even at 48-62'C. bttlgarkwri Oria-jBiisen 1913, 164; Loctobaktux brt 

Ad$tforia| ph^ Hansen 1971, 181.) i 

sent^ in Tables l^i and; 14^6. j r v : bi^'rfccm; ( $^^ 

Growth factor Xe^irernentc pantothenic acid and niacin generally Ferments only;a feW caiWhydrates as. 'iyf&m in Table 1^5. d-LDH 

essentia^ riboflaviii f T6lic ax^ vitamin B^'aod thymidine are essential migrates abstractly! faster m eiertioprmresw than that of the other 

for particular strains; tixiarnme, pyridoxin, biotia and p-aminobenzoic subspedesi % y ;■«"■>**. 

add are not retired. Isolated from yoghurt and cheese. 

DNA/t>NA homology; strains labeled U delbnteckU, L bulgoricust h. Type strainz ATCC 11842 (DSM 20081). 

^* B *?± l"***™* ^^f^? ^^fir" 6 lfc UctobacilI^;defthiccfcii subsp, laotis (OrWewen 1919) 

found W ( ?«^ r ^ « eUL, 1983b); no Wsto , scWtenger and Kandler 1984 r 270> (2Mr j»M»tfom 

STi?^^^ tadBt,( ^ toIfc ^ ettWW (SmK>ndsefcaL > W^Sehillinger and Kandler 1983b, 556.) \Th^mobac^tan Inctis 

1971; U.eUagJto et *L, 1373). OrWensen 1919, 164; Lactobacillus leichmanni (kennebenj) Bcrgoy at 

The mol?6G + Cofth*DNiVis 49-51 (Bd^,,). aL 1923 f 249.) ' 

Three subspecies are presently recognized. * Iac'tis. L. n. lac mOic; JL gen. n. of imlt 

i T Jn . u, v , , T - Dwnnguishra&char^^ 

la, Lactobacillus delbrueckil subfip. dejbrnecjrfi (Leicbmann Isolated-fVom tm& cheese, cwnpressed yeast and gram mash 

1896) Weiss, ScHJhnger and Kandler 1984, 270."" {Effective publica- Ttee rfmihr ATdC 12315 DSM 20072)^ 
fionj \Ve2ss, SchilHnger and Kandler 1983^ 556.) 

Disan^shing characteristics are given m Tablet 14^5 and 14.6. & Lac^tobacillns acidophilus (Moro 1900) Hansen and Mocquofc 

Isolated mainly from plant material fermented at high tenrpeiatures 1970, 326.^ (Bacillus acidophilus Moro 1900, 115.) 

(4Q-*53~C). axuio' phUus. J4X. n. atidum acid; Gn aij. pmTus loving; MX. adj. 

Type straint ATCC 9649. ccofopnil«e add*loving. ' 

Rods with roimcfed ends, generally 0.6-0^ x L5-6 pin, occurring 

lb. Lactobaolllns delbrueckll subsp. .bulgaxlcus (OrWensen dngiy, in pkijs and in short chains. 

1919) Weiss, Schiilfpger and Kandler 1984, 270. w {Effective pi^ca'- W&i rale eiceptbns good growth at 45'C. Starch is fermented by 

tion: Weiss, Schimnger and Kandler 1983b; 556). (^bermd^ac^um most strams. 



* VP denotes that this name has been validly published in the official pubUcal^pn, International Jcnirnal of Systematic Bacteriology, 
t AL denotes the inclusion of this name on trie Approved Lists of Bacterial Names. 
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LACTOBACILLUS 

Table 14.6. 

Physiological and biochemical characteristics of the qbligateiy ho,mofermentaiiM species of the genus Lactobacqios ( Group 1? 

Ekdrophoretic .„ . . „ t 

mobility* AHostenc MolS Lactic add Growth 

d-LDK : v-LOH ^U*H G + C uomerfs)' at 15*C 
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Peptidoglycan 



Telcboic 
add 



la, L. delbtueckil subsp. 

delbrueckil 
lb. L. delbrueckxl subsp. 

foctfs 

1c 1^ delbruechii subsp. 

bufgaricus 
2. L. acidophilus 
3u L. amyiopMus 

4. Zt amyhvarus 

5. anhnalii 

6. L. crispatus 

7. L. foramina 

8. L.gasseri 

9- L. helveticus 
10. hjensenxi 
1L. X*. ruminis 

12. L saKvarius 

13. L. shatpeae 

14. L. wlfcuimus 

15. j*. yvmanashiensis 



arjtailna 



Lys-DAsp 

Lys-DAsp 

Lys-DAsp 

Lys-DAsp 

Lys-DAsp 

Lys-DAsp 

Lys-DAsp 

Lys-bAq» 

Lvs-dAsP 

LyB-bAsjp 

Lys-DAsp 

Lya-bAsp 

mDAP-DJxect 

Lvs-DAsp 

mDA£-Direct 

mDAlVDirect 

mDAP-DSrect 



Glycerol 

Glycerol 

Glycerol 

Glycerol 

None ' 

Glycerol 

None. 

Glycerol 

Nona 

None . 

Glycerol 

Glycerol 

None 

None 

Glycerol 

NoDB 

None 



1.50 

1.50 

1,70 

L5CT 
1.6^ 
LIS 

1.35 
1.15 
1.35< 
0.95 
1.50 
ND 

LS4 
ND 
ND 



L30 

xio 

1.20 
L50 
L10 
L2G 

aos 

1-30 

ND 
L35 
L48 
ND 
ND 



49-51 
, 49-51 

34- 37 
44-45 
40-41 

*Mf 

35- 33 

34- 36 

33- 35 
38-40 

35- 37 
4±-47 
34r-36 

53 

34- 37 
32-34 



DL 

Lr 

DL 

h 

DL 
L(D) 
DL 
DL 
D 
3L 
L 
L 
D 
L 



ND 
ND 



"Symbols: see Table 145; and ND, not dctennined. 
* Abbreviations used by Schleifer and Handler (1972). 

f Determined in poryacrytenide dislc gel electrophoresis P H 7M; L-LDH rabbit fco I served as reference, 
D or L, the feomte recorded makes up 90* or more of total lactic acid; DL, 25-75% of total leoSc add are of the CconCguration: and D (l) or l(d> 
the isomer given in brackets makes up 15-20% of total lactic acid. 5 ' 1 ' OT 

'Strains ot this species are known U> give more than oWfe the migration Stance recorded Is that obtained with the type strain. 



Additional physiological and hiochemical characteristics are pre- 
sented in Tables 14-5 and 14.& 
Nutritional requirements: calcium pantothenate, folic add; niacin 

< and'riboflavin are essential; pyridoial, thfemine, thymidine and vita- 
min Bij are not required. ' 
DNA/DNA homology: the species comprises at least three homology 

: groups which cannot be separated by simple phenotyplcal characteils- 
tics (groups A-l, A-3, A-4 of Johnson et aL, 1980; grtnips/lai lb, Id, Ie 

• ofLauer et aL, 1980). Between individual strains of the afferent groups 

. DNA/D&A homology values of about 20-5Q& -are four^ Group A-l or 

; group la, respectively, which include the typV strain of II auaopfiihis, ' 
can be differentiated from the other groups by studying the electro-' 

I pfaoreb'cal or immunological- behavior o^ the L-LD1L* Group A-2 of 
Johnson et aL (1980) and the rorrespondirtg group Icof tauer et at 

; (1930) were recently found to be homobgoos, withi. crispalus (Cato et 
aL, 1983). Among the JaciobacilH spedes df, group I (thetmobacteria) 
having a similar mol56 G + C as L. acidophilus, only very low DMA/ 
DNA homology of L. acidophilus with L gassed, L. helveticus and L. 
crispattts hut no homology with L salwariw and L. Jensenii could be 
detected. 

Isolated from the intestinal tract of humans and animals,, human 
mouth and vagina. 
The mol% G + C of the DNA is 32-37 (Bd, T„). 
Type strain: ATCC 4356. 

Further comments. L acidophilus cannot he oWereniiated reliably 
from lu gasseri, aispqUts* and L onxykiwrui fejy any simple pheno- 
typle test; electiophoretic analysis of soluble cellular proteins or lactate 
dehydrogenases, detailed cell wall studies, or- in case x>t ^anryfo- : 
varus, detennination of mol56 G-f- C of the DNif ar>nec|ss|ry; v 

3. LnctobocOltts amylophllus Nakamura andOroieil 1&5 C 2la ^ 
(Effective publication: Nakaroura and Crowell 19TO, 53^ 

ajnyjo' phUus. Gr, n. amyium starch; Gr. adj. philus loving: MX. 
aoj. amyfaph Has starch loving. 



Thin rods, 0.5-0.7 X 2-3 pm, occurring singly and in short chains. 

No growth at 45*CL Actively ferments starch and displays esctracel- 
iular athylolytic enayme activity^. 

Additional physiological and biochemical characteristics are pre- 
sented in Tables 14.5 and 14,6. , V/ 

Growth factor re^uuemants: ^ rttwflavln, pyridaral* pantothenic acid, 
niacin, and fofic add are essential; thiamine is not required 

DNA/DNA homology: four strains form a narrow homology group 
not related to a number of htnnofernientative lactobacilG spedes stud- 
ied JNa^ura, lAjftS^ 

Isolated £rom swlhe w^e-cbrn fermentation. 

The moi% G + C of the DNA is 44r-4o* (Bd). 
- VypestruinrmWLi B-4437. . - - -r '■>■■■ 

L Lactobacillus a^nylovorus Nakamura 1981, 61. ^ 

a-B^lo.vo^tus. pr f n. am^Zum^ starchj L. v. uarare to devour; M.L. 
adj. amylavdrus starch desrrbyjng. 

Rods, 1 X 3-5 /an, occumng- singly and in short chains. Good growth 
at 45*C. Actively ferments starch and displays extracellular anryiolytic 
enzyme activity. 

physiological an^. biocheihical characteristics are pre- 
sented in Tables 14j> andl4^ *• • { 

Growth factor requnxments: niacin, pantothenic add, folic add and 
riboflavin are essential; thiamine is notfreijuirecL 

DNA/DNA h<nnology: ihree strains form a narrow homology group 
not related to inejty^ Strains of L. aciq%phi!us t L leichmannii and JL 
a^pqjjups j^a^^ra, 1981). '). 
* cattle V-Tiste-com Cermentation. 

^^^^C^iC6fML^is40^^ (Bd). 

Further commehti Since many strains of L acidophilus, L. crispalus 
and L. gosse^&Z. eite to ferment starch. (Johnson et aL, 1980), L 
amyictiorus cannot be reliably, dmeranthlted from these species by 
— S tests. ••. 
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5. UrctobatfHusafli^Is Dent and Williams 1983, 439. w (Effec- 
tive publication: Dent end.WiDiatDs 1982, 384.) 

a.nLma'Ijs.: n. animal animal;. gen. n. animal cs of an animnL 
Rods with rounded ends; generally 1.0-1.2 X 3-6 /an, occurring singly 
or in pairs. 
Good growth, at 45*C. 

Additional physiological and biochemical characteristics are pre- 
sented in Tables 14.5 and 14.6. 
Isolated from dental plaques and alimentary canal of animals. 
The mol^ G 4- C bf tie DNA Is ; 4l^U XT*). 
Type strain: NCDO 2426, 

Farther comments. Some of the strains on which the description of 
&'o>urtfa!^ nrahmbse and also ribose 

weakly thus resembling L. murinus. DNA/DNA homology studies 
should be directed ' tnwBif& relationship of the 

different strains- of h titiimiitts am^bng^&h. other and wftri L. murinus, 

6. Lactobacillus crispatus (Brygoo and Aladame 1953) Moore and 
Holdeman 1970, loV"- {Eubactenutn. crispatum Brygoo and AJadame 
1963,641.) 

Note, An emended description of L. crispatum is given by Cato et aL 
(1983). . . ... , ... ■ 

. cris-pa'tus. L. part. adj. crispatvs cutled, crisped, referring- to mor- 
phology observed original Ly in broth media- 
Straight to slightly curved rods with rounded ends, 0.8-1.6 X 2.3-11 
fun, occurring singly and. in short chains. 
Generally good growth at 46*<1 

Additional physiplogical and biochemical characteristics are pre- 
sented in Tables' 1415 and 14.8;' • v : ' - *«■ 

DNA/DNA homology: II crispatus 'was found highly homologous 
with a b r acMophUte.'^ aL 1980 (Cato et aL 

1983).- v j,W* f &\\\ v^Ar* A. ' . 

Isolated from human feces,' vagina and buccal cavities, crops and 
ceca. of chicken; a&'X6iuid m patients ^th purulent pleurisy, leacor- 
rhea and urinary tract infection. 

The mol% G^4-L 0^t&^^kW2S-3S {T m ). 

T^pe&roVrL*^ 

Further, amtmcrilt h. crispdtus cahriot reliably be differentiated from 
JL acp3opffla$t&;£i^ electro- 
jphpretic crtamirtenikion of soluble; cellular proteins or lactic acid 
deh>^fogenH5Bs».detaned cell wall studies or, in the case of JU amylo- 
uor^detarTmtt^ tiecessarjr. ; . " 

7. I*^teeSUu£; i983i 572^ {Effective publi- 
cation: Jv. : ;e, , 

fajxi'mliuk JU ru ^^^e^ sausage^ L. gen. n. farriminis of sausage. 

Slender rjo^ Oub^$#C jjrp ftm, Otturring singly antfm short chains. 

No BTtH^.»at;^ ( ^, Grows in the presence of 10% NaCl and occa- 
slonally 125fc NaClI 

Additional physiological and biochemical characteristics are pre- 
sent ed m Tables 14.5 and 14.6. 

DNA^J^hqmol^^ between L fardjninis 

and oth^ sp^^ et aU 1975). 

However, 26r28& DNjtyDNA homology with L. allmentarius has been 
tetected b^Ki^^ . . 

Isolated trom.meatpj^^ and sour dough. 

The mol% G of the DNA is 34-36 (TJ. 

Type strain: DSil2pi84. (ATCC 29844). 

8. Lactobacillus tfassori Lauer and Kandler 1980a, BQlS* {Effec- 
tive publications Lauer and Karidler 1980. 77) 

gas'seji^ MX- igeh. n. gasteriot Gasser; named for F. Gasser, a , 
French baeteriologisfc 

Rods with rounded ends, generally 0.6-0.8 X 3.0-5.0 tab, occurring 
singly and in chain*. Formation of "mini cells' 7 and snakes Is frequently 
observed. 

Generally good growth at 45'G. Starch Is fermented by most strains. 
Unlike all other lactobaciJli, the D-aknyl-D-alanine termini of pep- 



tide subunits of peptidoglycan not uivblvca in crosi-Utucege are pre- 
served because of the lack of D r D-carrxcQ'pe^aas^ action. 

Additional physiological and biochemical cliarartertstics ore pre- 
sented in Tables 14.5 and 14.6. 

DNA/DNA homology: the species comprises tiro DNA/DtfA homol- 
ogy groups which cannot be separated.by pneoo^icej cnJtr^eris^cs 
(groups B-l and B-2 of Johnson et aL I980;.groups Ha and Hb of Layer 
et ai. 1980). Between individual strains bftfte two v groupsi TMAftMk 
homology values of about 30-60% are. found. Among the species "of 
group I (thermobacteria) having a sfoSfei» mdl# ; 'Q *f C to |; gdssed t ' 
only low DNA/DNA homology with X. aadbphUusmd il crtspaius)^ 
no. homology with L helveticas, L jensenii and L satjto'rms omld be 
detected. 5 ••■■'••v:'- 

Isolated from the human mouth and vagina and from the xhftestina] 
tract of man and animals; also found in v^und^, urine, b and pus 
of patients sui&ring from septic infec^ons." /" 

The mol% G + C of the DNA is 33-85 (ZL). 

Type strain: DSM 20243. 

Further comments. U gasseri cannot h© a^ffewntiated. relm^Iy from 
L acidophilus, JU crispatus and L amyloyonk by phenotypic 
test; electrophoretic analysis of soluble cellular protems ( m, J,actate 
dehydrogenases, detailed cell wall studies oi; in the case pf L. amyhr 
oorus, determination of mol% G + C of the I^NA are reo^iired. 

9. Lactobacillus helvelicns (Orla-Jensen 1919) Bergey, llaxrisbh, 
Breed, Hammer and Huntoott 1925 ]&i* L XThermabacteriurn heloeti-^ 
cum Orla-Jensen 1919, 164.) 

heLve r ti.cus. L. adj. helvetica* Swiss* 

Good growth at 45'C; maximum grp^^temp^ t 

Additional physiological and biochemical chaiicterMlica are pre- 
sented in Tables U£ and U& . „ . ] f ' ; -Z 

Growth factor reo^iirements: Cal^^^^bxt^ti^n^ey niecin, rlhoiOa- , 
vin; pyridoxfll or pyridoramiae are ''essential; tni amine, folic, acid/. , 
vitamin B u and thymidine are not. required r " ' 

DNA/DNA homology: 'together' 'wi^'^s^ns Wv^^i^^ei^L.' 1 , 
jugurtif strains of L. hehetkus tqtk'i vsnov ^ornolp^^o^f^-'; .. 
omically unrelated to U delbruectii suhsp. butganc^L? 'iieii^uj^JuJ _ 
suhsp. lactis (Simonds et al^ 1971; DellagBp ^t al, 1973)/akd £. 'gassed^ 
(Johnson et el.,' 1980). J "' ' ^'^'^'XCJ^T^t^ ' , 

A closer phylogenetic relationship; be^weeu 
acidophilus is indicated by V^%lMk/W0 

two species (Johnson et al^ 1980) and by the rSa^^ :; ' 

of 0^4 .compared with the values of ,0^^^9jf^md' bet^eeai, other 
lactobaeffli species (Stackebrandt et aL, 1983). ... ',. V . . . 

Isolated from sour milk, cheese starter cultures and cheese, partial- 
larly Emraental and Gruyere cheese. , . . • . 

The mol% G + C of the DNA is 37-40 (Bd, T*Si 

Type strain: ATCC 16009. 

10. I^ctobacalD3Jonsca3nGBssa^,^1andM^a^ " 
jen^e'nii MX. gen. n. jensenii of Jensep^, named for S. Orla-Jensen^ 

a Danish miCTobiologisL 

Rods with rounded ends, 0.6-0.8 X 2.0-4,0 am, occurring singly and. 
in short chains. 

Generally good growth at 45"C 

Additional physiological and biochemical characteristics are pre- 
sented in Tables 14^ and 14^. 

DNA/DNA homology: strains of L jensenii form a narrow hoanolbgy 
group genetically not related to L actdephuus; JU crispatus, L. del- 
brueckii and U gasseri (Gassar and Janvier, 1980; Johnson et' al, 1980). 

Isolated from human vaginal discharge and blooddoL 

The molSS G + C of the DNA is 35-37 (Bd). 

Type slraifwATCC 25258. 

Further comments. L jensenii is indistinguishable from L del&ruechn 
by simple physiological tests. The Slight diHerence in the migration 
distance of D-LDH of L. jensenii and- U delbnietku in starch gel 
electrophoresis observed by Gasser (1970) could not be demonstrated 
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by the polyacrylamide disk gel electrophoresis routinely used in our 
laboratory. Therefore, determination of mol% G + C of the DNA 
remain* the most relkhie characteristic to differentiate L. jensenii bom 
L detbrueckiL 

11. Wohacmns ramrnfs Sharpe, Laiham, Game, ZirngibJ and 
Kandler 1973, 47/' . ■ 

ru 'minis. L. m rumen throat; MX. n. rumen rumen; NIL. gen n. 
ruminu of rumen. 

Rods,6.6M)^&3^«n^^ 

Motfla by peHtrichous fiageUa; motility not' always easy to demon- 
strate and orren sluggish, best deinonstrated as stab cultures in semi, 
solid media ctmtainihg: low concentrations of glucose. 

Surface growth is obtained only under reduced oxygen pressure,' 
growth inlfc^jTmed^ [ is jraprc^ed by tie ao^iition of <^e^ne-HCL 

Unlike the BtramsMatedirom tie rj^n* many stxalnl from sewage 
were nonmotile and failed to grow at 46*b. 

Additional physiological and biocbenucai characteristics are ore- 
sented in Tables 14-5 and 14£ . ^ 

DNA/DNA to'inology: all strains stuped form a narrow homology 
group not related to others, especiaUy me^DAJP^ntaining species 
(Sharpe and Dellagiip, 1977; Weiss et at, 1981). 

Isolated from rumei of cow and ftom sewage. 

The molSS G + C of the DNA Is 44-47 (TJ 

Type strain: ATCC 27780. 

12. I^ct^ac^tzssaUrato 
raely 1953, 691**' 
saiLva'ri.us. L. adj. sallvaruis salivary. 

Bods with rounded e^ds, O6-0.9 x jan, c^rrtog singly and in ' 
chains of varying length. 
Generally growth at 45*C, 

Additional physiological and biochemical dbaractensdes are Dre- 
; sentedm Tables 14.5 and i4.6. 

DNA/DNA homology: one strain tes£ed showed no genomic relation- 
ship to L. acidophilus and JL gasseri (Lauer et aL, l9Su£ L. murinus 
(E. Lauer, unpuhlished) or L sake, L curaatus, and L fardmims 
(Kagermeierel aL, 1985). » 

Isolated rrom the mouth and intestinal tract of man and hamsUr 
intestinal tract of clncfam. • r 

The moi% 0 + C tfce DNA is 34-*36 (fid). 

Two sttfj^ecles artf refegmzed. 

12a. Lactohacniiis saiivarius subsp. saiivarius Rorasa Wise- 
man, Mitchell and Disraery 1958, G9t AL 
Description as for the spedes: 
Ferments rhamnose but not saiicin and esciilin, 
Type strain: ATCC H74L 

12b. Lactobacillus salivarius subsp. salicinius Rogosa, Wise- 
man, Mitchell and Disraely 1953, 691/^ 
sajixi'nl.us, hLL. adj. saUcmim pertaining to saiicin, a glycoside. 
Description as for the species. 
Ferments saiicin and esciilin but not rhamnose. 
Type strain: ATCC 11742. 

13. Lactobacillus sharpen* Weiss, SchuUnger, Laternser and 
Kandter 1982, 266.^ (Effective plication: Weiss, SchUlingcr, La Era- 
ser and Kandler 1981, 251.) ; 

shar'pe-ae, MX. gen n. sharpeae of Sharpe; named for M. Eusabeth 
Sharpe, an Knglishhacterjologist 

Rods with rounded ends, generally 0.6-03 X 3-8 ,un, with a pro- 
nonnced tendency to form "snakes" and; after prolonged incubation 
long characteristically wrinkled chains, fn broth cultures, a tlocculent 
sediraen^ is observed. 

No growth at 45*C. 

Additional physiological and biochemical characteristics are pre- 
sented in Tables 14.fi and 14L6 
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DNA/DNA homology: three strains tested Droved to be completely 
homologoua u> each other, whereas one single etrain was more disWly 

l 3 ^- f % h T° l0E r * «** N ° gnomic 

*nt^?n?? e detected to other m^-DAP-cohtaimng species- 
of lactobadlli (Weiss etaL.1981). ... 
Habitat unknown, isolated from municipal sewage, " 
Themol%G + CoftheDNAise3(r M ). -< 
Type strain: DSM 20505l , 

"K^^^^^^^ L3thaiD ' ^* Srngibtand : 

vLtu_K'nus. L. ad| oiwMnus of a calt 
^ Rods with rounded ands, 0^-0.7 X 2-4 ^m, occurring singly and in 

S^«e gmvth is only obtained trrider m erp^ contftior*; grows 

Additional physiological and biocherafcal characteristics are pre- 
sented In Tables 14^ and H.6 P 

DNA/DNA. homology: DVe strains belonged to three dlflerent ho- 
mology groups completely unrelated to each other. No homology was 
detected to possibly related species (Sharr^ and Dellaglio, l977)!&nce 
nc ^phenotypic characteristica are presently known to separate the 
en«^ hon,oIo|fy ***** U vtotinus remains genotypkally heterbg- 
Isolated from bovine rumen. 

The aol96 G + C of the DNA is 34-37 
Type strain: ATCC 27783. 

15. Lactobacillus yamanashieasis Nonomura 1983, 406/^ J 
^ooad^tt mate Carr and Davies 1970, 774.) . ' 

y^majia^n'sis. hit adj. yvmanashknsh Monginjr to Yama- 
nashl Prefecture, Japan, the source of wine must from which the 
organism was isolated. 

cb ^' °-^ 8 * W m cccurrrog singiy, in pairs, and in short 

Motile with a few peritrichous flagella; motility often sWish, best 
demonstrated m semisoUd MRS agar stab culture with only fw/r) 0 1% 
bW. ^strauu,exlul,it a wca^, A seudc^talasa ac^ty when 
bega^vT ^ COn ^ h,g K v > °W «"^se; benzmW test 
No growth at 46*0. .. 

Ada^on^ .physmiogical and biochemical characteristics are pre- 
sented in Tables 14.5 and H.6 
DNA/DNA honmlogy: strains of I. moi? exhibited 70-95% homdloav 

Vt LL^ ?™ m * raIationsbi P ^ detected to sfaains of group 
II (^tobacterra; Dellagfio et al V 197B) aod to other mes^tyA^ 

TO T D , L(+) 'K C ^ a ^ p ^^^^ H ^Veiss et al^ 1981). 
Isolated from cider and wine must. 

The mol% G + C of lhe : DNA is 32-84 (rj: 
Type strain: ATCC 27304. 

Further comments. Nonomura (1983) mentioned two subspecies, 
namely L yymanashiensts ^hsp^rnan^htehsis mdl/yiiman^iensis 
subsp. mah in the title of the paper but, inconse^o^ 
only b descrrptron of the species, but not of the subspeciesis giVek 
. i P ^ a l°. f wb *P^* L. i^marwshumsis snUp. mm hy Can - 

ofR ffl w inV ^f t*** * U B6t m the Approved Lists 

of Bacterial Names (Skerman et al, 1980). ATCC 27502 « listed m the 

^ ° f Bflct ? ri ^ N *m as^.strain oiLmcdl 
Note. Significant amounts of menao^inones,. predominanUy, with 
eight and nine Uoprene units UK-*) have been foimd in L 

yvmanosteuxis (Collins and Jones, 1981);AH other lactobacUG studied 
so far lack both manac^lnones and ubiquinones. 

a'gijjs. L. adj. agilu agUi; nibtne. 
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Rods with rounded ends, 0.7-1.0 X 3-6 um, occurring singly, hi poire 
and in snort chains. 

Motile with peritrichous flagella; motility normally easy to demon- 
strate in MRS broth- 
Good growth at 45*C. 

Additional physiological and biochemical characteristics are pre- 
sented in Tables 14.7 and 14.8, 

DNA/DNA homology; five strains form a narrow homology group 
not related to representatives of any of the mejo-DAP-containuig and 
L(+)-lactlc acid-forming species of IacfobacifH (Weiss et aU 19B1). 

Habitat unknown, isolated from municipal sewage. 

The mol$6 G + C is 43-44 (T„). 

Type strain: DSM 20509. " 

Further comment "Lactobacillus planlarura var, mobi(is n isolated 
from feces of turkey (Harrison and Hansen 1950) was only tentatively 
named and therefore omitted from the Approved Lists of Bacterial 
Names (Skerman et al, 1980). According to the original description 
and later investigations (Sharpeet aL, 1978b) this organism may belong 
to L agilis. 

17. Lactobacillus allmentarlus fteuter 1983, 672.^" (Effective pub- 
lication!; Renter 1983, 27a) 

, aJitnen.ta'rlua. h, adj; alhnentarius pertaining to food. 

Short, slender rods, generally 0.6-0.8 X L5-2.5 /im. 

No growth at 46'C„ Growth in the presence of 10% NaCl. Acetoin is 
produced from glucose. 

Additional physiological and biochemical characteristics are pre- 
sented in Tables 14.7 and 14.8. 

DNA/DNA homology: no genomic relationship was found between 
L. alimentarius and other spades of group II (streptobacterie, Delkglio 
et aL, 1975); however, 2&-28S6 DNA/DNA homology with JL fardminis 
was detected by Kagerraeier et at (1985). 

Isolate^ frotn marinated Bsh products, meat products (raw sausages 
and sliced prepacked sausages) and sow dough. 

The mol% G + Cof the DNA is 38-37 (T„), 

Type strain: DSM 20249 (ATCC 29843). 

18. Lactobacillus bavaripus Stetter and Stetter 1980, 601/* (Ef- 
fec&x publication: Stetter and Stetter 1980, 73.) 
ba-va'rlcus* ML. adj. baoaricus Bavarian. 

R^w^r^de^3 etid^p^.0 >c ~2~7 un\ occurring singly and in 
short cnair^rs^ghty growth phase. 

No growth at 45*0; growth from 2-37'C, 

L-LDH & activated by FDP arid Mn if ". Does not contain lactic acid 
racemase. 

Additional physiological and biochemical characteristics axe pre- 
sented in Tables 14.7 and 143. 

Isolated from sauerkraut and fermented cabbage leaves. 
The mol56 G + Cof the DNA is 41-43 (T„). 
T^ype strain: ATCC 31063. 

Further comments. The type strain of L. bavaricus as well as five 
additional strains tested showed 80-95 % DNA/DttA homology with L. 
sake, whereas one strain was completely homologous with L, curvatus 
(Kagermeier et al, 1985). Therefore, organisms allocated to L battaricia 
may be regarded as racemase-free subspecies of L sake or L. curvatus, 
respectively, rather than as members of a separate species. However, 
farther studies are required before a formal description of two subspe- 
cies Is possible. 

19. Lactobacillus easel (Oria-JBnsen 1916) Hansen and Lessel 
1971, 71/^ (Streptobacterfum easel Orla-Jensen 1919, 166.) 

ca'seX Ll n. caseus cbeese; L. gen. n, casei of cheese. 

Rods, generally 0.7-1.1 x 2-0-4.0 pm, often with square ends and 
tending to form chains. 

No growth at 45"C (exception: JL casei subsp. rhamnosus).' 

L-LDH ia activated by FDP and Mn l+ . , . 

Growth factor requirements: riboflavin, folic acid, calcium pantoth- 



enate and niacin are essential; pyridoxal or pyridoxaraine is essential 
or stimulatory; thiamine, vitamin B 12 and thymidine are not required. 
The moi% G + C of the DNA is 45-47 (Bd>. 

Isolated from milk and cheese, dairy products and dairy environ- 
ments, sour dough, cow dung, silage, human Intestinal tract, mouth 
and vagina, sewage. 

Four subspecies are recognized within this species: 

19a. Lactobacillus casei subsp. casei (Orla-Jensen 1916) Hansen 
and Lessel 1971, TL^ 
Description as for the species. 

Additional physiological and biochemical characteristics are pre- 
sented hi Tables 14.7 and 14.8. 
Type strain: ATCC 393. 

Note. The lactose-negative variant labeled Lactobacillus cased subsp. 
olactosus-hKUs and Lessel 1973, 67; should no longer be regarded as a 
separate taxon but included in L. casei subsp. casei. 

19b. Lactobacillus easel subsp, pseudoplantarcm Abc-EInaga 
and Kandler 1965a, 28/*" 

pseu'ob.plartta'rura. Gr. adj. peutfe* false; \LL. gen. n. plantarum 
a specific epithet; ML adj. pseudoplantarum not the true (L.) plan- 
tarum* 

Inactive laetio add Is produced due to the activity of a L-Iactio acid 
racemase (Stetter and Kandler 1973). 

Additional physiological and biochemical characteristics are pre- 
sented in Tables 14.7 and 14.8. 

Type strain: ATCC 25598L 

lBc Lactobacillus casei subsp, rnaranostts Hansen 1968, 76/"' 

rhammo'sus. Mi. adj. rhamnasus pertaining to rhamrjose. 

These organisms are the only homo fermentative lactobacilli which 
grow well at both 15*0 and 45"C. 

Additional physiological and biochemical characteristics are pre- 
sented inTables M.7 and 14.& 

T^pe strain: ATCC 7469. 

10d» Lactobacillus casei subsp. tolerans Abo-Elnaga and Kandler 
I965a > 26w At 

t9'le.rans. L. pres. part, tolerans tolerating, enduring; means survival 
during pasteurization of milk. 

Survives heating at 72*0 for 40 s and ferments a very narrow range 
of cattjohydrates. . 

Ad&forlal physiological and biochemical characteristics are pre- 
sented ra Tables 14.7 and 143. 

Type strain: ATCC 25599. 

DNA/DNA homology; except the type strain of L casei subsp. casei 
and the members of L casei subsp. rharnnosus, all L. casei form a 
narrow homology group genomically not related to other species of 
group II (streptobacteria; DeDagtio et al, 1975;. The type strain of L. 
casei subsp. casei is highly homologous only -with' "Lactobacteruan zeae" 
whereas homology with other strains of U casei is rigruj&cantly lower 
than 50% Dedicating a heterogeneity of the species. 

The strains of L casei subsp. rhamnosus highly homologous among 
each other display only 30-50% homology with strains of other sub- 
species of L casei Thus, L casei subsp. rhamnosus deserves the rank 
of a separate species rather than that of a subspecies of L, casei 

20. Lactobacillus corynlformis Abo-Elnaga and Kandler 1965a 
18/^ 

co.ry'ni.fcr'jius. Gr. n. coryne a club; L. adj./brmw shaped; ML adj. 
coryniformis club-shaped 

Short, often coccoid, rods; frequently somewhat pear-shapedV 0-8-1 J 
X 1-t3 ftm, occurring singly, In pairs or short chains. 

Generally no growth at 45*C. 

Additional physiological and biochemical characteristics are pre- 
sented in Tables 14.7 and 14.8. 
Growth factor requirements: pantothenic acid, niacin, riboflavin, 
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SECTION 14. REGULAR, NONSPORING, GRAM-POSITIVE RODS 



Table 14,8. 

Physhloskal and biochemical characteristics of the facultatively heterafermentatUfe species 1 of the genus Lactobe xiltris (group Hf* 

l>-LDH . i^LDH 



Spedei 



typ^ 



TeSchaic 
add 



Altastgrio 



G + C 



Lactic arid 
komerGO* 



Growth o 
15-C 



w Footnotes: rea^tiielije. 



from 



16. L agUis 


mDAP-Direct 


None 




1.20 


— 


43-44. 


L 






17. L, alimmtariits 


Lys-DAsp 


None 


0*0 


1.10 


— 


36-37 


L(D) 


+ . 




18- L. bavaricus 


, Ly&liAsp 


None - 


— 


1,60 


+ 


41-43 


L 


+ 




19a. casei subsp. easel 


Lys-DAcp 


None 


L22* 


033 




45-47 


L.,- ■ 


+ ■ 




19b. L. casef sbbsp pseudo- 


Lys-nAsp 


None 


m 


033 




45-47 


DL 


+ 





phmlaritm - ~ ;C '■ 




















None 








45-47 


L 


+ 




nosui ' • 




















I9d- L. cass subsp fofe/mt* 


Lys L i>Asp 


None 




0.93 




45-47 


L 


+ 




20a. L. coryntfoiims subsp. 


Lys-bAsp 


None 


0:38 






45 




+ 






















20b. Z*. coryrdformis subsp. 
torquens 1 


Lys-DAsp 


None 


0^8 






45 


D 


+ 




21. L. curvatus 


Lys-DAsp 


None 


U20 


1.60 




42t44 


DL 






22. homohiochu 


Lys-bAsp 


Glycerol 




ND 




35-38 


DL 


+ 




23. Z* mattxironiicus 


teU3AP-Direct 


None 


ND 


ND 




30 


L 


+ 


ND 


24. !«, murinus 


Lys-DAsp 


None 




052 




43-44 


t 






26. L.pbmiartmi 


mDAP-Direct 


Ribltol or 


1.44 


* 1.28 




44-46 










Lys-bAsp 


glycerol 
















26. L. safee 


None 


L20 . 


L60 




42-44 • 


PL 


■ -■ ■ + 





biotm and p-amu"iol^^ fox all or the majority; of 

the strsihs t«j^ v f^^^ 

not reo^uirecL -i : 1: y,'- w'V^ a 'J* <•';».• • • , % , , j. .. . 

DNA/DNA homology: four strains representing: Both subspecies are 
highJy homologous among e$j& o^Jier, bu^np genomic relehoruhipto 
other spedes of p^up/H is foi,qd {Drllsglio et al.; 1975).. . 

Isolated Gp^i^^^siw. do'^ry^air^dB^ge. • 

The molS.G + O of the Pi I A $ cl**V45 (T„)J ^ , .... 

Two subs^^iw!afeTiwpJn1& i ^ 

20d. t^ctobaetife ctfr}^ Abb-El- 
rtfiga and Kan dlef 1055a, .18.^ 1 1 : " ' 

The lactic acld'pifp^ apprecfeble amounts 

Type strain: DSM 20001. 

20b. Lactobacillus coryniformSs subsp. torquens Abo-EInaga 
find Kandkr lPWa, !^ ,, . . . 

fcor'quens. L pref . part tqrqucns- twisting. 
Eatclu^vely D(— )-lact5c acid is produced. 
Type strain: ATCC 25600. 

21. Lactobacilli cu^ 1903) Abo-EInaga 

and Kandler 1965a, 19/^ [Bacterium curvatunt TrollJ-Petersson 1903, 
137.) ( 

cur.va'tus. L v.* ctirvdte to corvejlU ...pjnjjt, part, curvatus cnrveA 

Curved, beanrsbaped. rods with xou^ed ends, 0.7-0.9 X 1-2 ^m, 
occtirring in pairs and short clmmsj closeo! rings of usually four cells or 
horseshoe forms' fr©$(ientTy observed.* Some strains at first motile; 
motility lost on subculture. 

No growth et 46*0; Bom6 strains, tested are able to grow even at 2- 

4-a ' \Z:Z : - '. 

' ULDH is acuvated by FDP andMn**. Possesses lactic arid racemase 
whose hjosynthesls is Iflduced by L(+)rlactic arid. Racemase induction 
generally not repressed by acetate- 
Additional puyaofcgical and biocienncal characteristics are pre- 
sented in Tables 14.7 and 141s. ^ " '" ' 

DNA/DNA homology: strains of L. curvatus form a narrow homology 
group not related to other lactobacilli species except L. sake;!* curvatus 



and JL «oAe have 40-50S5 homology with each other (Deliaglic-.et al, 
IW^Kagermeier^La^p^ 

; faplated Ixohi cowdung, nailk, silage, sauerfaant, prepacked finished r 
dough and meat pro&cts. 



The moISS G j* C oftheDNA is 42r44 IT^ 4 
Tbvsslrahv ATCC 25601. 



Hote. Some of the . atypical streptobain«r^..from. herbage,^ stjagei, 
fermented meat products and varaurn-packaged meat reported, m the . 
pastbelongtO-^ctfr^ffte (1 - - . . .... :r .,- :-. t ^\ U v 

: 2^ Lac^BaciUus;hom6bmol^ 



mehtatjva lactobacflhw of hibchi. 

Hods, with rounded ends, 0.7r03 X 2-4 ^ or, occasionally, 6 /im,in 
length. i .\' v .. . . ; ' ' > . > .'v' ( .':-,. 

Does not grow in MltS broth. In Rogbsa SL brp^rsirppier^nl^d 
with'bi-ttevalo^.adLd (30 m^/literj and etha^l^Sb ial/3itcr>, copious 
grow&isobtainwJati^ J 

No growth at 45*G and at an initial pH higher than 5^. Kes4tant to 
13-16?& ethanol . ,; i Ux: .•J.V ^l-^-'V . : J • 

A redeternuriatipn of the lactic adid conBgurfi^bn' produced hy the 
type strain in bur laboratory yielded etjual; amcqiits of ant3 t(+J- 
lacticadd. ...... . _ , ,V. t , tW ... J "' 

Additional pbysiological and modieraica! characteristics are pre- 
senfed in Tables 14.7 anii 14^. " ^■■'^''■.^'.^ (r ^ 

Growth factor retirements; Drmeyalonic add- is essential or highly 
stimulatory; ethanol Is promotive. 

DNA/DNA homology; the type strain otL. h^mohipejui was found 
to begcnetically bign|y f related to the type strain of sake but unrelated 
(o ot|ier strepiobacretia. (iiellagiio; et. al, 197^,' Jii pur* labo)ratipry, 
however, two strains' of Z*. homonhxhu were coinpletely hon^logous 
with each other and had' only 10% homology with L sake (E. Lauer, 
mn^wWished results), • ... 

fsolated from spoiled sake. „ 

Hie nioi56 O + C of the DNAJs 35-38 (7%). The values; of 46% 
obtained by chemical analysis (Gasser and Sebnld, 1966) an d by 7^ 
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(eighth edition Bergey*s Manual) are in contrast with the values found 
Iry Mom«e at at, 1974 (34.6-36*%) and our own unpunished results 
(35%). 

Type strain: ATCC 15434. 

Lactobacillus maltoromicus Miller, Morgan and Libbey 1974, 

mdtWmLcus. ME. n. mate ground dried sprouted barley: L n. 
^ma pleasant flavor; MA. adj. nrnllarvmkus, pr^ucmgTSaW!^ 

'T",^") alddo-de. and alcohols such as 2-raethylpro- 

P^ldabyde. 2-™thyl„oI, 3-methyflnrfyraldebyde and 3 mett 
ylbatanol are produced in skim milk and tryptlcase soy broth. 

Additronal physiological and biochemical characteristics are nm. 
seated in Tables 14.7 and 14JL cnaractensucs are pra- 

Growth (actor requirements: riboflavin and folio add are essential, 
thiamine a not required. 

DNA/DNA homology: no genetic relationship could be detected 
between L maHarxm.ax and other meao-DAP^ontaining lactobacilB 
producmgi^+JWicacidOVaiasrtaL.lsai) iactot>aolJi 
plated from producers' mfflc samples possessing a malty flavor 
the moKE G + C content of the DMA is about 36.0 (T) 
2^ strain.- ATCC 27865. -«"»U-J- - 

24 Lactobacillus mnrinus Hemme, Baibaud, Duduzeau Galnin. 

Ra&aud. Duduzeau, Galpin, Scarf and van Hdjeuoort 1980. 308) 
mu.nWL^i.m^rwittiortaice. • ' ' - ' 

T rM?-^ ?J ^2?" ^ > ° ie arabihoSe" slowly fermented. 

LDH is activated by FDP and Mrr" ™«Bit- 

.^KSfiS^tf blw3ielBlcal *~ 

JSXmJSB^ ^ > thiamin, and 

m ?'! A/D ^ 0m ^ OSy: ^ GtrainS ^ werB "mpletely homolo- 
gous to each other but unrelated to i ofimen/orfes, H Ld, I sate t 

a^rt^andLsafiWsCRr^.unpubflshedres 
isolated from the intestiupl tract of mice and rats. 
The mol56 GfCoftheDNA is 43.4-44.3 (T.) 
3>pestra£rz:CNRZ22a " 

25. LaototoaUue plantarum (Orla-Jensen 1919) Bogey. Harri- 
son, Breed, Hammer and Hun toon 1923. 2S0. M iStrtJLhrlt^,,^ 
pltmlomm OrfaiJerfaen 1919,! 174.)' : ; < ^^Aattenum 

plantoW L. fenr. ttpinfa a'spriutj M.L. h.ptoito apiaafc Mi. 
gen. pLn.pfanton«i of plants. ' • ™™ v* . 

Rods with rounded &ds, straight, geheralry 0 J-ii ^ wide X 3-8 
;i» long, occurring singly, in pairs or in short chains. 

No growth at 45-C. Some strains are able to reduce nitrate provided 
the concentration of glu&se'in th e J|&S§K 
pmsed at ao or higher. Occasional strains exh&H^eu^tatee 

either ribitol or glycerol tefcboic add. ^ • 

Actional [physiological arid biochemical characteristic :"a« pre- 
sented in Tables 14.7 and 14^ P 

^JT^.^ ."J?**?***' ^-"n pantothenate and niacin re- 
qmred; thtantoe. pyruSoraJ or pyridoxamirie, folic add. vaimin bT 
tWdnu, or deoryribosides not required; n^fliltoiSy $ 

DNA/t)NA hotnolop: £ phntarvin strains form two homology 
groups genonucaHy related to each other at the levd of 50-80* 1* 
not related to other streptobacteria and other meso-DAP-cr.pranriu* 
tadobeaTh spades (DelUglto et sX, 1975; Weiss * at, i*§?3? 
pentosus" Fred et al; 1921, aid several other strains dea'S £ 
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p/ontorum btm a third genotype only related at the. 50% level to the 

ZttSSLF*" * 8h0U,dbe - 

pickled ^^taMes, sour dough, cow dui* and the human mouth 
intestinal tract and stools, and from sewagt ' 
The molS G + C of Ihe DNA fa 44-46 (Bd T \ 
Ibpe s/roinr ATCC 14917. 

Further armmtnU. In the course of the last few years, a number of 
strains, mainly from sewage, have bean isolated In the authors', labo- 
DNA^NAAomology with "ipen- 
^ 1<W h ? n l 0,0Ey wUb i Pfantartun. Omracteristhiny, 
f^f 15 k™ 6 ^ ****w»W .«* the strains wHimt t£ 
L phntcmm homology group did so. A description of these onanisms 
ast pmtosus aom. rev. is in preparation. 

26^ La^tobaeiUus sake KatagW, Kitaham and Futaml 1934 157-^ 
™^rlwT^/"^^ he ^^^ x ^Mm,occurrm e sh^y 

f 1 ? rS^ h ll 45 *? •"W^*** teted grow even at 2-TC. 
^HisacxrvateabyroPandl^.Posse^ 
mducttoor««^tom«t^ 

identity with i. softs a confirmed by DNA/DNA homoloay terf^ 
produce inactive lactic add, also, in MHS nroth. ^' ' 

AddttiomU ^ physiological and btocheniical characteristics are ore- 
seated in Thbles I4l7 and l«i : m"™??? t?S? ^ 

V^ffi ^ ^ drain aid niany other strains form 

r™!!j°r , S OUp 1101 "Snf^tly related to other Jactobadffi 
{ f agfiliaB '* r '* W andX.ciirt^ut (Dallagho 

tthlbt complete DNA/DNA homology wituX safe, fU do^Ld " 
f. «Ae ere related fo other at a level of 40^0% hoSP^ 
bigh levd of homology between L sa*e i andL Mm^*^^iF 
D^tai, 0975) cmdd not be ibn^S^SS^ 

"^^t^^WW**^ h °»°l»8<»» ;to each ZsS. 
only, about 10% homology to tsofte "uier snow 

QriginaUy Isolated frqm sake starter; regularly found in sauerlmmt 

. . *^e mol95 G + C of the DNA is 42-44 (7» ) 
TJpestrtat- ATCC 15521.'' • • 

fer^ti°«%° r ^ mSC ? ********* fnmi hert»ago;^ : 

1^'fl^S™ Mf J m f ,lfaU,S J S" d, ». Schiffinger and Weiss 
W»*^*W* Kandler,Sd,fllingerandWois»l^ 

ILL ^ ei ^ L ^ t ^5 A. .Wt AwrtW leavening; 
M.L part adj. fcyermOT^ans doubly fermeirtirig, ™ 

faegular rods with rounded or often toiie'red ends. 0.5-1 0 x li_ib 
^-xmg singly. |» pairs or irreguta^ aWrtlhSns, ofla^nS| 

No growth at 46'C. 

.^^fe! JSft-KWft Lactic add is fermTto^to 

acetic add, ethanol,COi mid H, at pH 5^0 • ' • r 

Actional pbydomgfcal and Wochlmical efaaraderistics are ore- 
sented in Tables 14.9 and 1440. -"eristics " W£ 

thf i0 ^= »*>ationship is detected between 

In contrast to all other IsctAadffi jt i,/«^j^Ms larments lactoie 
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Table 14.10. 

Physiological and biochemical characteristics ofobttgately hiterofcrmentatwe species of the ge nus 



Lactobacillus (group my- 



Species 



27. ^ 

28. Z* 

29. jL 

30. Z* 
3L 

33. L. 

35. U 
36. 

37. Z* 

38. L. 

39. L. 

40. JL 

41. L. 

42. jL 

43. L. 

44. L. 



btfcrmcntaixs 
break 
buchneri 
coliinoides 
confasus 
divergent 
fermenltun 
fructwonms 
frtietosus 
halotolerons 
hllgardii 
kandleri 
kefir 
minor 
reuteri 
sanfrancisco 
pacanostercus 
uiridescens 



AHo&tetic 
L-LDH. 



G + O 



Lactic add Growth at 



Lys-DAsp 
Lys-DAsp 
Lys-DAsp 
Lys-DAsp 
Lys-Ala 
mDAP-Direct 
Om-DAsp 
Lys-DAsp 
Lys-Ala 
Lys-Ala-Ser 
Lys-DAsp 
Lys-AJa-Gly-Ala s 
Lys-DAsp 
Lys-Ser-Al^a 
Lys-DAsp 
Lys-Ala 
mDAP-Direct 
Lyg-Ala-Ser 



? Symbols: see Table llfr, and ND, not determmed. 
w Footnotes: see Table 14.6. 



Nona 

Glycerol 

Glycerol 

Glycerol 

None 

None 

None 

None 

None 

Glycerol 

Glycerol 

None 

Glycerol 

Glycerol 

None 

None 

ND 

Ribitol 



1.10 
1.62 
1.33 
1,60 
2.08 

L85 j 

ND 

1.32 

Vtt 

L31 

2.10 

1.23 

2.08 

1.74 

L18 

L32 

2.03 



L20 
L4D 
1.26 
121 
LB 2 
L30 

ito 

1-14 
L30 
0.97 

t07 
L50 
0M 
LOS 
LIS 



45 
,44-47 

44- 16 
46 

45- 47 
33-35 

38r4I 

47 

45 
39^1 

39 
41-42 

44 
4DV42 
36-38 

36 
41-44 



Ssomer(s)* 


lo'C • 


Argznino 


DL 


+ 


— 


PL 


+ 


+■ 


DL 


+ 


+■ 


DL 




+- 


DL 


+ 


+ 


L 


+ 


■4- 


DL 




+■ 


DL 


+ . 


+ 


P(L) 


+ 




DL 


+ 


+■ 


DL 


+ 


+■ 


DL 


+ 


■h 


DL 


+ ' 


4- 


DL 


+ 


-f- 


DL 






DL 


+ 




DL 






DL 







■i and produces free H* and was therefor* put on the list qf species 
t biccrtaesedb^ 

l (Stacicebrandt et at, 1963) and more recently DNA/rRNA hybridiza- 
tion studies (U ScMBmier, personal conimumc^tion)/ however, gave 
strong eviden ce that L bifermentons belongs to the genus Lactobacilli 
■ (see also under Taxonomic Comments). 

Isolated from spooled Edam and Gouda cheeses where it forms 
undesiied small cracks (*Boeiel£chjenren T ' Pette and Beynum 1943). 
The moI% G + 0 of the DNA is 45 Crj. 
TypestrmrvBSU 20003. 

28. Lactobacfflosbrevis(C^^ 
• mer. Hontoon, Murray and Harrison 1934, 312/* {Betabaderium breve 
■ : Orla-Jensen 1&19, 173;) . 

bre'vjs. L. adj. bretds short. 

Bods with rounded ends, generally 0.7-LQ x2-4/xm > occurring singly 

- and in short chains. 

No growth et 45*C. 

- Additional pbysipjb^cjl and biochemicaJl characteristics are pre- 
sented in Tables 14,9 and 14.10. 

v Growth actor requirements: Calcium pantothenate, niacin, thiamine 
. and folic add are essential; riboflavin, pyridoxal and vitamin Be not 
required. : V . . , : 

DNA/DNA homology; only 11 out of 24 strains originally labeled L. 
, brevts form a narrow homology group including the type strain of JL 
brevis\ The remaining strains were found homologous with. iL h&gardii, 
; L kefir, L. confusus or JL coUmoviea or remained unassigned {Veseovo' 
etaL, 1979). - , 

•• Isolated from milk, cheese, sauerkraut, sour dough, silage, cow man- 
; ure, feces, mouth and mtesrlnal tract of humans and rats. 
The mol% G + C of the DNA Is 44-47 (Bd, fj. 

- Type strain: ATCC 14869. 

' , Further comments. L brevis is often dizain to distinguish clearly 
from U buchneri, JL hUgardu, L colfmaides or L kefir by simple 
ihvsiological tots, espedally cartel 

addition to DNA/0NA homology, charaiierrxa^nt? ejec^mo- ■< 
retic mobility of lacfic acid a^nydrogena^ ^ 
procedure to separate thes* species. *■ '.- 

29. Lactobacillus buchneri (Henneber^ 1903) Sergey, Harrison, 



Breed, Hammer and Himtoon 1923, 251^"- (Bacillus BuehneH (sic) 
Henneberg 1903,163.) 

buch'ne.rl MX. gen. n. buchneri of Buchner; named for B. Buchnej 
a German bacrermlbgist. ' h • . ' 

Rods with rounded ends, generally 0.7-LO X 2-4 fan, earring singly 
and in short chains. 

No growth at 45*C. 

L buchneri Is identical in almost all characterktics with L. brevts 
except L buchneri ferrnarits rneleritose and its L-LDH and »-LDH 
migrate distinctly slower in electx^horesis. However, at least one 
strain stuped in detail ln our laboratory did dot ferment melerftose, 
although its LDH was ele^xophdreticau> identical with JL buchneri 
Another strata was nMledtose-positive but brfraved like brevts in 
elflctrophttresis.<, .. 

Addttional physiological and Kochemical cbajacteristics are pre- 
sented in Tables 14^ and 14.1 0. 

DNA/DNA homology; iri spUa of the h5gn phenotypic similarities 
mentumed above, six ^strains of JL 6uchnerf formed a riarrow homology 
group cto^Ietely uhifc^ted w t^Ts ^ 
racmbacHli (Vest^ et al^ 1979); 

Isolated from milk, cheese, fermenting plant material and human 
nimith. ; . t ,. ; ,„,,. 7 ^ ; 

The mol% G + C of the DNA Is 44-46 (Bd, r«)„ 

Type strain: ATCC 4005. 

30. Lactobacillus coliinoides Carr and Davits 1972, 470 AJL 
Jfi^SfcM ^ Gr. n. idus form, shape; MX. adj. 

Rods with rounded e*ds, genejajly 0^)^ x 3-5 pm; tendency to 
form long filaments, ocottring sihgry, m palisades and irregular clumps 

No growth at 45TC. Growth ata MRB broth is olsrinctly rmptoved by 
the orlditwn of 20% tomato juke arid by replacement of glucose by 



Agppond, r|iys3ological and biochemical characteristics axe pre- 
serj^.j^^l|s X^.and 1U6. . 

fiofeplbgy: six straini tested form a narrow homology 
^^BP ,fH#W ^ °ther heteroferm^eniative lactobacHli (Vescovo et 
a^ t 1979^;•■ * • • « ■ 

Isolated from cider. 



M. : 
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The inol% G + C of the.DNA is 46 {T^. 
Qpe strain: ATCC 27612* 

31. l^c^foopos jrtafWns (Holxapfel and KaftdJer,i969) Shajpe; 
Gatvie and TnTnwy 1972, 396.^ XLa^bacillits coprophUus subsp. 
fusus Holzap&J andl&ndjer 1969,665.). 

conJU^sus... y^^/^^^^ifip; L. past parL confusus con- 
fused, an aflusSpn to its pj^^ coi^ teucanqstoc, .. , 

S^iirO^(^i!tf .'i^^^^^jie^iicy to tnicken atone'end; 
occur^^'sin]^ ^SnsC } .7 

Growri at 45*£ variable: Dextjran is nroduced from sucrose. 

Additional physMo^^ are pre- 

. sented t^L, pTUsaesfr.;!^^^^^ £4^X0* . . 

DNA/DNA homology: four stra^ fom a narrow homology group 
to which two strains axe onfy dfetenUy : related fV>scpvo et at, 1979). 
One of ^.^a^j^a^.^^.J^j^^ fflsp^tf' 7^% homology 
with tlte &pe' stinra^&OT re^ ^latoratoryl No signifi- 

cant gei^niic lelatltmship to dtner heferofermentatrve lactobacilli was 
detected.'"" v "" v "" ' ' ; ' : ' ^ ' - v--, ; ■ 

Isolated from sugarcane and carrot juice, occasionally found In raw 
milk, saliva and sewage*, 

The moI% G + C'otf theDNAis 4W7 (Bd, T„). 

Tb-pa sfroh* ATCp t ' /' 

32* Lactobacillus divcrgens Holzapfel and Gerber 1984, 270. w 
{Effecmeji^ 1983; 530.) 

di,ver'gens. 'IS. p^diwergeni u*eviat$hg, #vergm£ 
Rods with ^rounded ! eam^"'fX^QL7^'i<' 'jd&^CLfi' /d^~occiixrins : sungly,, in 

No growth at 45" C- Growth in MRS broth is relatively poor and 
vismlevgBsjBvr^ because' of lack or ah • 

hitherto- und>te 5 r^^ growth factor is contained 

in peptone from soybeans and cer^m^eis t' paste p^a^tions ( u Ceii- 
obisTtfnd*^ 

hiiectionX Pseud onhaemnwrtfairnng; media. 

Ado^tmnal'^ axe pre- 

sented &i Tables U^and 14.10; ^ A ^ -'.-:!' ' 
Isolate from' v v£^ meat' 
The moi% G + C<if ^fb^^M^W^'-' ' 

33; r £s^Op^ 

lus csllobwsus j^gc^^Yweman; Mtaheli and Disraely 1 953, 693^5 

Hoik Because. Of; high phenotypicrsimilarities and complete DNA/ 
DNA hpotolojry^ ^v^Ub^h^'-.i&vhe^. regarded as . a bio type of L. 

/em^^A j ^ ;<> ,V - , 

fer.men'tum. fetitteJ%liw\; ferment* yeast- 
Rods; 0;h*-0.9 am thick and highly variable in length, mostly occur- 
ring singly or in pairs. 
Generally good growth at 45*C. . 

Additional physiological and biochemical characteristics are pre- 
sented ii^ f ^ie^^:an^4P,: : 

Growth factor retirements? calcium pantothenate, niacin and thia- 
mine are essential; nbpfmvm;. pyridoxal and folic acid not required. 

DNA/DNA homology: strains of L, fermentum and L. ceUobiosus 
form a narrow boxaoJofey-giOup not related to other heterofennentative 
IactobadlU (Vescovo et at; 1979). 

Isolated from yeast, nritk products,, sour doughy fermenting plant 
material, manure; sewage and mouth and feces of man. 

The mol% G + C of the DNA is 52-54 (Bd, T m ). 

Type strain: ATCC 14931. 
* Further comments. L fermentum. cannot be definitely distinguished 
from L. reuteri by simple physiological tests. Determinations of raolft 
G + C of the DNA, diamino acid of murein and electropboTetic mobility 
of LDH clearly separate the two species. 

34. Lactobacillus fru alive raus Charlton, Nelson and Werkman 
1934, 1** {Lactobacillus trichedes Fomachon, Douglas and Vaughn 



1949, 129^7 Lactobacillus heterohiochUKitahtu^ Kaneko and Goto; 
1957,117/*) 

Note. Because of high phenotypie and: genomic, shnilarities fcimd 
between L. fructioorans, L. trkhodes and Is helervkfochifyL. trichodes 
and L. hetemhiochii are here regarded as ^junior su^ective synonyms of 
L, fructioorans (see Weiss et al^ l9S8a)'.v - c - •-• - t 

frnc.tLvo'rans. L. tl fructtis frvat;L. t Yi oorareib eat; ML- pVres. part 
fructworans fruit-eating, intended to mean BtucEose^evourih^gv - 

Rods wilh rounded ends, generally. 0^0^ X .1^-4 fun, occurring: 
singly, En pairs and m chains; very fcmg? more or Jess curved or coped 
filaments often observed -i. . .-..*. 

No growth at 45 - C. ... ■. ' , t . .. 

Acidopmlic; favorable pH is 5.0-5J3; no growth, at an- iiiitiai pH. 
higher than 6.0. 

Nutritionally very exacting, at Ke^T pH |m^e^ £56£atlcn3^ I^p^id^r 
on the source of isokiion r mevaldbic'^dS;|oti 
are required for growth. Some strains^ fe6$eciail£ those Isolated" from 
nonalcohol- containing sources, often. become less fastJdidcj^ 1 dm^hgt! 
laboratory transfers and grow well m'M&bmlm " < ' " 

Additional physiological and biochemical characteristics are pre- 
sented in Tables 14^ and 1440. ,iw :>i *' ; - - - ' '•' ' 

DNA/PNA homology: the type strHSni otb. fruc^doTTm^ t^ trichodes ■■ 
and L. ketewhiocha and two additional strains ; are highly hoinmio'gous 
among each other and gcnomicalJy no| related <» biftkr hete^ermen*- 
tative lactobacim (Vescoco et al n 1^9;^e^^'a^ : f 
homology values between £. heterohiochii and L. oucftj^reifioTted 
Vescovo and co-workers could not ^ congrmed. m 
may be caused by the use of ah nnp& of n^u^& 
hetenhiochiL ; • I ^ ■ ■ 

Isolated from spoiled mayonjaaSeis^^'^e^sin^ abd vhiegax pnv 
server fr^ spoiled sake^ " ' J r ^ 

The raol% G + C of (he DNAis3p4tf1[K^" """i - * 1 ' " ' 
' 7>pe strain: ATCC R2S8. , ^ ,,, , _ _ ^ ' 

35. Lactobacillus fructosus Kodama 1^^705^-^ - ' ' V. 
fructo'sus; MI*, adj. /rt^sw of fftic^ ' ■ , 
Roto 0^-03 X 2-4 ^m, occurrin^siigly/m^ short chains 
No growth at 45*C. Growth in MRS! ftroth; is markedly; improved if 

glucose is replaced by fructose. ^'*:ifejrV<' -^^■:v^ : -- / ^->.'. 

# Additional physiological and biochemical characteristici- 5 are. pre^ - 

sented in Tables 14J9 and 14.10. ^hfc%£v-v&^ -.i ^'f* ••v : "f ■ r.'- r l^" 

feolated from flowers. / 'J? •' " : l - ••: ••. 

The mol% G + C of the DNA is Wmfaikr**^ • • - w 

7^pe scrmnr ATCC 13162. 

36. Lactobacillus haJotolerous ^ Kaidler; ; Sc^mgex ajofd Weiss 
1983, 672."* [Effective publication: Kand1er.etal;,v^83> 263:) • i 

haJo.to'lejrans. Gr. n. hals salt;' L. pres..;par^. toferuns tolenating; 
enduring; MJL part aal. hatotolerans salt toIeratinE. 

Irregular, short or even coccoid rods with| ^ xonnded to tapered ends, 
generally 0^&-0.7 X 1-3 /tm, sometimterlonger* with tendency to form 
coihng chains, clumping togetheri •:•■> . . ; 

No growth at 45"C Good growth in. the presence of 1295. NaCl and 
very weak growth in the presence of 14% NaCL 

Additional physiolopcal and biochemical characteristics: are pre- 
sented m Tables 14.9 and 14.10. 

DNA/DNA homology; no significant genomic relationship between 
U hatotolerans and other beterofermenraihte: lactobacilli Is detected 
CVescovo et al, 1979). ... 

Isolated from meat products. ' ■ 

The molSE G + C of the DNA Is 45 (77*). 

Type strain: DSM 20190 t- strain R61). 

37. Lactobacillus hilgardii Bonglasf and Craess 193B r lI5/' 
hil.gar / diX ML. geru n. hitgardii i^ed for HSgard. 

Rods with rounded ends, generally Xj^-i^ X 2>4 ptm, occumn^singly» 
in short chains and frequently in long filaments. 
No growth nt 45*C. Optimal initial pH for growth and carbohydrate 
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fermentation reactions is in the range of 4.5-5^. Grows in the preseiice 
of 15-18% ethanol. 

Additional physiological and biochemical characteristics axe pre- 
sented in Tables 14^ and 14.10." 

DNA/DNA homology: genomicnlly 13 strains^ mostly isolated from 
wine and originally allocated to a variety of dHTerent species such as 
L brans, destdio$us,r JU reuteri and *Betabacteruwi vermiform*? 
are highly related to the type strain of h hilgaraH. No relationship to 
other heterofermentative Is^bacfln is detected iVescbvb et aL, 1979); 

Originally isolated from California table wines hot obviously widely 
distributed In wines of different origin, 
; The mol% G + C of the DNA is 39-41 (T„). 

Type strain: ATOC 8290. <,v 

3& Lactobacillas kaadleri Holzapfel and van \Vyk 1983. 439. w 
(Effective publication; Holz^fel.aj^ 

kand'le.ri.MX. gen. nJ kdndkrioi Randier; named for O. Kandler, 
a Gerrnan biologist , ( 

Partly irregular rods, generally (L7-0.8X 1^ /on, occurring singly or 
in pairs, seldom in short chains, , 

No growth at 45"C. Slime is produced from sucrose. 

AdditionaJ physiological, and biochemical characteristics are pre- 
sented in Tables 14$ and 14.1(1 . . 

Isolated from a desert spring. 

The mqi% G + C of the DNA js 39 (T„) 

Type strain: DS& 2Q598. 

39. Lactobacillus kefir Handler anp! Knnath 1983, 672 v * (Effec- 
tive publication: Kandter arid Kunath 1983, 29£) 

ke'ftr. Turkish n. kefir, a taucasian sour milk. 

Rods with ronnded'eii^ g«eraily &£-#B X 3.0-15 /mi, with tend- 
ency to form chains of short ^ 6ridrtgrlteents\ 

No growth at 45'C. 

Additional physiological and biochemical characteristics are pre- 
sented in Tables 14.9 and 14.10, • 

DNA/DNA homology; strains isolated from kefir, together with two 
isolates from beer, form a narrow homology group genomically unre- 
lated to other beterofermentative lactobacilli (Vescovo et aL, 1979) L. 
keffr exhibits a DNA/DNA homology of about 40% to L. buchneri 
(Kandler and Kunath> 1983). 

Isolated from kefir grains and drink kefir. 

The mol% G + C of the DNA is 41-42 (T„). 

Type strain: DSM 20587 (strain A/K), • 

40. Lactobacillus minor Kandler, Schfflmger and Weiss 1983, 
672. w (elective publication: Kandler, Schiaxnger and Weiss 1983 284.) 

128; Lactobacillus virtdesc&is suosp. minor Kandler and Abo-EinaEa 

1966, 754.) . . 

mi'nor. L. comp* adj. minor smaller. , 
Irregular, short rods with rounded to:tapered ends, generally 0.6-0.8 

X 1-5-2.0 /im, sometimes longer, often bent with unilateral swellings, 

occurring iri pahs or short chains with a tendency to form loose clusters' 
No growth at 45*C. 

AdditionaJ physiological and bloc bera teal croaracteristlcs axe pre- 
sented In Tables 14.9 and 14.10. >--.-. 

DNA/DNA homology: no genetfc relaxiohship detected between L. 
minor and other heteiofermentative lactobadill? (Vescovo et a!.,. 1979). 

Isolated from tie sludge of milking machines. 

The mol% G +- C of the DNA is 44 (T m ). 

Type strain: DSM 20014 (strain 3). - * 

4L Lactobacillus rcaterl Kandler, Stetter and Kohl 1982, 266. ^ 
(Effective pullu)aWn:}f^i{dlti t ! Btmir and Kohl 1980, 267.) (Lactoba- 
cittus fermenlum Type II Lerche and Renter 1962, 462.) 

reu'ttri MX. gen. n. reuteri <tf Re*rter, ! named mr G. Renter, a 
German bacteriologist, i 

Slightly irregular, bent rods with rounded ends, generally 0.7-LO x 



Z ^~ 5 ' 0 W occurring singly, in pairs and iri small clusters. Generally 
good growth at 45'C. In the original description, it was mistakenly 
stated that ammonia is not produced from arejrune. 

Adolrio^ pfiysio^ ^ 
sented m Tables 14.9 aiid 14.iO l . ' f ™.. 

DNA/DNA homology: five strains tested form a nj^w Homology 
group not related to other ■' het^££^editia£i^- li^b^^Ui (Vescovo et 

*?H 19 ?#$* B Jj 0 '-£^^ strains 
isolated from feces' oT rallfcthg calves and tndistina^lmbi^ from L 
fermenlum by physiological tests, displayed almost coSpiete hrrtnblogy 
with L reuteri but are genetically imrelated to JL fermentwn (SaVfi at 
aL, 1979)* " " r r ' ■ ^r.'j •-,•;* ,*t"w- .• 

^IflterHrom of humans and animals and from mUt i 
The raol% G + C ot the DNA is i 6-4Z3 (Bd, '"f ) ' 
7>pc«froin: DSM.^16, '\* ; 

by sirapkpl^^^ c f 

acid of pepfidogiycan of ejecrxoprwetic mobility 1 of LDH dear^ sepfc 

rates the two species.. 

42. LaotobaciUnssanfrancisco Weiss and ^Olmger 19&4, 503."" 
(Effective publication: Weiss arid Schfliinger 19&4, 23L) 

Note. Kline and Sugihara (1971) proposed the name L sanfnmciscb 
with reservation as to. results of pen^gDNA/DNA Jjomology studies. 
Later oa they confirmed brieily the proposal' and designated a type 
strain (Sugihara and Kline, .1^%;!^. name, however, was oroitted 
&om the Approved of Bactarial Narnes and cmi&emiently has no 
standing m bacteriological nonjenciature and was recently revived 
(Weiss and Scjilffinger, 1984), 

aan^artcis'co. MX. m strnfrancisco San Francisco, named after the 
city where the sour dqpgb ftnm which tie. organism was Jurst isolated 
had been propagated for more than 100 years. • 

Rods with rounded ends, 0:6-0.8 X 2~A ma, oconrmg singly and in 
pairs. , 

No growth at 45'C. Does not grow reasonably, in MRS broth unless 
freshly prepared yeast extract is added arm 1 the. initial pH i^ 
5.6. A small peptide isolated from yeast extract was found responsibie 
for the growth-promoting efTect (Berget al^jl98l). 

Additional physiological and biochemical cimracteristics ara Dre- 
sented in Tables 14^ and 14.10, 

DNA/DNA homology: four strains tasted were found to be highly 
homologous among each other hut shoived no significant genomic 
relationship with h, acidophilus, JU feloeticiui and k bfevb (firifangan- 
athan et at, 1873). No-significant homology detected with other het- • 
erofcrmentaltve Uctobarilli, especially L confusus and L fructosus 
««k»!Sfc y^.^e peptio^glycan : type. (\Veiss and SchilBnger, 1984) 
as L, snnfraiidscQ. ' ' • . ( 

Isolated from sour dough. 

The moI% G + C of the DNA is 3&-38 (TJ. 

Type strain: NRRL B-3934. > c 

Further comments. DNA-DNAhybridrzatmh stupes have shown that 
other lactobacnU isolated frbni ^ sour dough and labeled L breois var 
^neri(Spicherar^ saHfrancu^bl 

43. Lactobacmus vaccmoaterens Okada, Suzuki andr-Kozaki 
1083, 439. v ' (Effective publication: Okada, Stizuki and KozaJd, 1979, 

2 W i • ■ ... 

vaacinojster'cos. U ad^. vaccina* from cows, L. ru stereo* dung; 

MX. adj. vaccinostercus from cow dung- 
Rods with rounded ends, 0^-1.0 X 1.5-2.5 m occurring mowthr in 

pairs. . ; 

No growtli at 46*0. ; ' -l 

Additional physiological and biochemical characteristics are pre- 
seated in Tables 14.9 and 14.10. 

Growth factor requirements: thiamine, pantotnenic acid, niacin, and 
biotin are essentiai; pyrioor^p-amiriobenzoic acid abd foEc acid not 
required. 
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SECTlOKl 14. REGULAR* NONSPORING, GRAM-POSITIVE RODS 



Isolated from cow dung. 

The mol% Q + C of the DNA b 38 (TV). 

Type strum: ATCC 33310, 

44. LactobaciUns virEdescens NIven and Evans 1957, 758.^ {Lac- 
tobacillus coryncides subsp. corynotdes Handler and Abo-Elnaga 1966, 
573/") 

Note. L. oiridescens is Id correctly cited on tbe Approved Lists of 
Bacterial Names as Lactobacillus oiridescens Kandler and Aho-EInaga 
1966,573. 

vijides'cens. ML. pres. part vtridescens growing green, greening. 

Small, often slightly irregular rods, generally 0.7-0,9 X 2i>-&.0 /xm, 
with rounded to tapered ends, occurring singly or in pairs. 

No growth at 4&*C. In contrast to the data given in the eighth edition 
of the Manualf no fermentation of ribose and gluconate could be 
observed fa our laboratory. 

Additional physiological and biochemical characteristics are pre- 
sented in Tables 14.9 and 14.10. 

Growth factor requirements: pantothenate, nrncin, thiamine, ribofla- 
vin, and biotin are essential; folic add and pyridoxin* may be stimula- 
tory. 

DNA/DNA homology: four strains tested form a narrow homology 
group genetically not related to other heteroferraentative lactobacilli 
(Vescovo et al 1979). 

Isolated from discolored cured meat products and pasteurized milk. 

The raol5£ G + 0 of the DNA is 41-44 (Bd, TJ. 

Type strain: ATCC 12706. 

Addendum I 

Lactobacillus species included in the Approved Lists of Bacterial 
Names but, for reasons discussed below, not considered as belonging 
to the genus Lactobacillus* , . 

Lactobacillus catenaforme (sic) (Eggerth 1935) Moore arid Hol- 
dleman 1970, 15. M {Bacteroides.catenaformis Eggerth 1935,; 266.) 

caJ^haJbr'me. L. n. catena chain; L. n forma form, shape; MJL adj. 
catenaforme chmnlike. Note: the correct specific, epithet should read 
catenaformSs because lactobacMts is masculine in gender. 

Small, s jighUy irregular rods r often in chains. Strirtry anaerobic. 

Good growth at 45 'C. Add is produced from amygdalin, cellobiose, 
esculin, fructose, glucose, glycogen, niannosa, salicin,. starch and su- 
crose^ fermentation of lactose and maltose is recorded, variable; 

Main induct frnm glucose fermentation is D(~)-lactIc acid No gas 
is produced front glucose; 

Peptidog^ycan of the type strain is of the Lys-AIa type (unpublished 
resultfrthis peptjdoglycan type is not found in other homoferraentative 
lactobacuit 

Isolated from human feces, intestinal and pleural infections. 
The mo!% G + C of the DNA Is 31-33 (TV). 
Type strain: ATCC 25536L 

Further comments. 16S rRNA oligonucleotide sentience studies re- 
vealed no significant phylogenetic relationship to any of the lactobacilli 
investigated [S M 0.3; E. Stackehrandt, personal communication). The 
cTju? values for streptococci and Clostridium mnocuum were 0.32 and 
0.4, respectively. The taxonomic position of L catenaforme therefore 
remains tmdetermined. 

Lactobacillus minutus (Hauduroy, Ehringer, Urbain, Guulot and 
Magrou 1937) Moore and Holdeman 1972, S3. AL (Bactervides minutus 
Hauduroy, Ehringer, Urbain, Guillot and Magrou 1337, 64.) 

ratnu'tux L. adj^ minutus minute, small. 
; Small, elliptical rods, occurring singly, in pairs and in short chains. 
Strictly anaerobic. 



Generally no growth at 45 "C. Acid is produced from glucose and 
variably or weakly from fru close, galactose and sucrose. 

Main product from glucose fermentation is D(-)-Iactk acid. No gas 
is produced from glucose. 

Peptidogiycan of two strains studied including the type strain was of 
tbe Orn-Ser-uGlu type (unpublished result); this peptidoglycan type 
has not been found in other bacteria up to now. 

The raol% G + C of the DNA is 45 (7V). 

Isolated from abscesses and wounds. 

Type strain: VPt 9428 (ATCC 33267). 

Further comments. 16S rRNA oligonucleotide sequence studies re- 
vealed no significant phylogenetic relationship to any of the JactobaalG 
investigated 3.0; EL Stackebrandt, personal communication). The 
taxonomic position of£. minutus therefore remains undetermined. 

LactobacIUns rogosae Holdeman and Moore 1974, 275-^ 
rago'sae. MJL gen. n. rogpsoe of Rogosa; named for M Rogosa, an 
American bacteriologist. 

Further comments. No strains which correspond to the original 
description are presently available. Two strains recently received from 
VPI, in our hands, were morphologically similar to propicm ibHcteria; 
they produced mainly U+)-lactic acid in PYG medium, but formed 
acetic add and propionic acid in chopped meat media at tlhe expense 
of the lactic add naturally contained in these media, The peptidogrycan 
of these two strains were of the LL-DAP-Gly type, typical of propionic 
bacteria. Moreover, the mol% G -f C of 69 reported for one jstrain of U 
rogosae Is clearly outside the range determined m all other species of 
Lactobacillus. More investigations are needed to clarify the taxonomic 
position of L. rogosae. 
Lactobacillus xylosus Kitahara 1938, 1449.^ 
xyJo'sus, MX- adj. xyfosus of xylose, pertaining to xylose. 
Further comments. Both nucleic acid hybrio^tbn studies (Killper- 
•Bab et at, 1982) and. immunological mvestTgationS oS^ fructose- 
o^hospbate aldolase and gtyt^rala^hyde-3-phosphat<e ^ dehydrogenase 
(London and Chace, 19B3) have shown that L xytosus has not heen 
attributed to the appropriate genus: Because of, the results of DNA/ 
DNA homology and DNA/rRNA hybridization studies, iGllper-Bfik et 
aL (1982) stated that L xyhsus "should be reclassified iri the same 
genus or even the same species as Streptococcus ktctis? A definite 
statement on the taxonomic position of L. xyfosus is. required. 

Addendum XJ 

The following Lactobacillus species are not induct ha the Approved 
Lists of Bacterial Names and have not been validly described since 
1980. They have, therefore, no standing in bacteriological nomencla- 
ture. 

"Lactobacillus frigidus" Bhandarf and Walker 1953, 333. 
Reference strain: ATCC 11307, 

"Lactobacillus malefermentans" Russell and Walker 1953, 162. 

"Lactobacillus lindneriT (fcTenneberg 1901) Bergey, Harrison, Breed, 
Hammer and Huntoon 1923, 245. 

The three species are obligately heterofermentative lactobacilli and 
have been Isolated from beer and brewery yeast As shown by DNA/ 
DNA homology studies, strains of the above-mentioned species are 
genomicauy not significantly related either among each other or to any 
other heterofermentative lactobacilli species {Vescovo et al, 197% U. 
Scfaillinger, personal commonication). They can, therefore, be regarded 
as additional separate species within the heterofermentative lactobacilli 
(group IH). More comparative studies based on a greater number of 
strains are required for the revival of the presently Invalid names. 
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